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IVI-2, IVI-3 AND IVI-4 LOCI OF 
ENTEROCOCCUS FAECAUS POLYNUCLEOTIDE, 
POLYPEPTIDES AND METHOD OF USE THEREFOR 



This invention relates to newly identified polynucleotides, polypeptides encoded 
by such polynucleotides, the use of such polynucleotides and polypeptides, as well as 
the production and isolation of such polynucleotides and polypeptides. More 
particularly, the polynucleotides and polypeptides of the present invention have been 
putatively identified as transcriptional regulators. 

Transcriptional regulators are factors that assist RNA polymerase to more 
accurately initiate and conduct transcription. Some transcription factors are general 
factors required for all promoters while others are gene-specific and are required only 
for certain promoters. Some general factors are also involved in the assembly of a 
multi-component protein complex of the promoter. 
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Transcriptional factors usually are found to have at least two functional domains, 
one for binding DNA and one for transcriptional activation. These functions are 
frequently found within circumscribed structural domains which frequently retain their 
function even when removed from the place of their natural occurrence. 

Generally, Enterococcus faecalis is a pathogenic bacteria species which is known 
to cause infections, particularly endocarditis, in mammals. Therefore, suppression of 
a transcriptional regulator in such a bacteria would be detrimental to the growth of the 
bacteria and limit its ability to infect a host with endocarditis. 

In accordance with one aspect of the present invention, there are provided novel 
transcriptional regulator polypeptides, as well as active fragments, analogs and 
derivatives thereof. 

In accordance with another aspect of the present invention, there are provided 
isolated nucleic acid molecules encoding the transcriptional regulators of the present 
invention including mRNAs, cDNAs, genomic DNAs as well as active analogs and 
fragments of such transcriptional regulators. 

In accordance with another aspect of the present invention there are provided 
isolated nucleic acid molecules encoding mature polypeptides expressed by the DNA 
contained in ATCC Deposit No. 98167. 

In accordance with yet a further aspect of the present invention, there is provided 
a process for producing such polypeptides by recombinant techniques comprising 
culturing recombinant prokaryotic and/or eukaryotic host cells, containing a nucleic acid 
sequence of the present invention, under conditions promoting expression of said 
transcriptional regulators and subsequent recovery of said transcriptional regulators. 
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In accordance with yet a further aspect of the present invention, there is provided 
a process for utilizing such transcriptional regulators as reagents for testing 
pharmaceutical antibiotics for their activity in deactivating or controlling the activity of 
the transcriptional regulators as part of a screening process to identify pharmacueticals 
for treating or controlling Enterococcus faecalis infections. 

In accordance with another aspect of the present invention the polynucleotides 
or epitopic fragments thereof are useful as in vitro agents for producing monoclonal 
antibodies useful in screening procedures for diagnosing Enterococcus faecalis bacterial 
infections by identifying the presence of such bacteria in a specimen from a mammal 
suspected of having such an infection. Also, such polynucleotides or epitopic fragments 
are useful as reagents to test pharmaceutical chemicals for activity in suppress.ng the 
expression of such polynucleotides. Thus, the polynucleotides and polypeptides 
according to the invention are useful as in vitro agents for diagnostic and screening 
procedures for identifying and/or treating Enterococcus faecalis infections in mammals. 

In another aspect of the present invention, an antisense construct prepared 
through the use of antisense technology, may be used to control gene expression through 
triple-helix formation or antisense DNA or RNA, both of which methods are based on 
binding of a polynucleotide to DNA or RNA. For example, the 5' coding port.on of 
the polynucleotide sequence, which encodes for the mature polypeptides of the present 
invention, is used to design an antisense RNA oligonucleotide of from about 10 to 40 
base pairs in length. A DNA oligonucleotide is designed to be complementary to a 
region of the gene involved in transcription (triple helix -see Lee et al., Nucl. Adds 
Res., 6:3073 (1979); Cooney et al, Science, 241:456 (1988); and Dervan et al., 
Science, 251: 1360 (1991)), thereby preventing transcription and the production of the 
E. faecalis ivi locus genes. The antisense RNA oligonucleotide hybridizes to the mRN A 
in vivo and blocks translation of mRNA molecules into transcriptional regulator 
polypeptides (antisense - Okano, J. Neurochem., 56:560 (1991); Oligodeoxy nucleotides 
as Antisense Inhibitors of Gene Expression. CRC Press, Boca Raton, FL (1988)). The 
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oligonucleotides described above can also be delivered to cells such that the antisense 
RNA or DNA may be expressed in vivo to inhibit production of the ivi locus 
transcriptional regulators. 

In accordance with yet a further aspect of the present invention, there are also 
provided nucleic acid probes comprising nucleic acid molecules of sufficient length to 
specifically hybridize to a nucleic acid sequence of the present invention. 

In accordance with yet a further aspect of the present invention, there is provided 
a process for utilizing such transcriptional regulator polypeptides, or polynucleotides 
encoding such polynucleotides, for in vitro purposes related to scientific research, for 
example, to generate probes for identifying similar sequences which might encode 
similar transcriptional regulators from other organisms by using certain regions, i.e., 
conserved sequence regions, of the nucleotide sequence. 

These and other aspects of the present invention should be apparent to those 
skilled in the art from the teachings herein. 

Brief Description of the Drawings 

The following drawings are illustrative of an embodiment of the invention and 
are not meant to limit the scope of the invention as encompassed by the claims. 

Figure 1A-1B 

Figures 1 A-1B, collectively, are a contiguous illustration of the full-length DNA 
sequence (SEQ ID NO: 1) and the corresponding deduced amino acid sequences for the 
1 VI-2 locus of Enterobacteria faecalis which is a transcriptional regulator of the present 
invention, as well as two other open reading frames and an intergenic region. Thus, 
Figure 1A has the beginnings of the sequences, and Figure 2 A continues from Figure 
1A with the last of the sequences. 
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Definitions 

In order to facilitate understanding of the following description and examples 
which follow certain frequently occurring methods and/or terms will be described. 

The term "gene" means the segment of DNA involved in producing a polypeptide 
chain; it includes regions preceding and following the coding region (leader and trailer) 
as well as intervening sequences (introns) between individual coding segments (exons). 

A coding sequence is "operably linked to" another coding sequence when RNA 
polymerase will transcribe the two coding sequences into a single mRNA, which is then 
translated into a single polypeptide having amino acids derived from both cod.ng 
sequences. The coding sequences need not be contiguous to one another so long as the 
expressed sequences ultimately process to produce the desired protein. 

"Recombinant" polypeptides refer to polypeptides produced by recombinant DNA 
techniques; i.e., produced from cells transformed by an exogenous DNA construct 
encoding the desired polypeptide. "Synthetic" polypeptides are those prepared by 
chemical synthesis. 

A DNA "coding sequence of" or a "nucleotide sequence encoding" a particular 
enzyme, is a DNA sequence which is transcribed and translated into a polypeptide when 
placed under the control of appropriate regulatory sequences. 

"Plasmids" are designated by a lower case "p" preceded and/or followed by 
capital letters and/or numbers. The starting plasmids herein are either commercially 
available, publicly available on an unrestricted basis, or can be constructed from 
available plasmids in accord with published procedures. In addition, equivalent plasm,ds 
to those described are known in the art and will be apparent to the ordinarily skilled 
artisan. 
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"Digestion" of DNA refers to catalytic cleavage of the DNA with a restriction 
enzyme that acts only at certain sequences in the DNA. The various restriction enzymes 
used herein are commercially available and their reaction conditions, cofactors and other 
requirements were used as would be known to the ordinarily skilled artisan. For 
analytical purposes, typically 1 M g of plasmid or DNA fragment is used with about 2 
units of enzyme in about 20 ^1 of buffer solution. For the purpose of isolating DNA 
fragments for plasmid construction, typically 5 to 50 pg of DNA are digested with 20 
to 250 units of enzyme in a larger volume. Appropriate buffers and substrate amounts 
for particular restriction enzymes are specified by the manufacturer. Incubation times 
of about 1 hour at 37 'C are ordinarily used, but may vary in accordance with the 
supplier's instructions. After digestion the reaction is electrophoresed directly on a 
polyacrylamide gel to isolate the desired fragment. 



Size separation of the cleaved fragments is performed using 8 percent 
polyacrylamide gel described by Goeddel et al., Nucleic Acids Res., 6*:4057 (1980). 

"Oligonucleotides" refers to either a single stranded polydeoxynucleotide or two 
complementary polydeoxynucleotide strands which may be chemically synthesized. 
Such synthetic oligonucleotides have no 5' phosphate and thus will not ligate to another 
oligonucleotide without adding a phosphate with an ATP in the presence of a kinase. 
A synthetic oligonucleotide will ligate to a fragment that has not been dephosphorylated. 

"Ligation" refers to the process of forming phosphodiester bonds between two 
double stranded nucleic acid fragments (Maniatis, T., et al., Id., p. 146). Unless 
otherwise provided, ligation may be accomplished using known buffers and conditions 
with 10 units of T4 DNA ligase ("ligase") per 0.5 fig of approximately equimolar 
amounts of the DNA fragments to be ligated. 
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Unless otherwise stated, transformation was performed as described in Sambrook 
and Maniatis, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory, 1989. 

In accordance with an aspect of the present invention, there are provided isolated 
nucleic acids (polynucleotides) which encode for the mature ivi-2 polypeptide, for a 
second mature ivi-3 polypeptide, and for a portion of a polypeptide ivi-4, having the 
deduced amino acid sequences shown collectively by Figures 1A-1B (SEQ ID NOS:2, 
4 and 6, respectively). 

In accordance with another aspect of the present invention, there are provided 
isolated polynucleotides encoding the ivi-2 and ivi-3 polypeptides, as well as the partial 
polypeptide of ivi-4 of the present invention. The deposited material is a genomic clone 
comprising DNA encoding the ivi-2, ivi-3 and partial ivi-4 polypeptides of the present 
invention, in a plasmid DNA vector form designated as P EFivi2. As deposited with the 
American Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, 
USA, the deposited material is assigned ATCC Deposit No. 98167, and was deposited 
on September 12, 1996. 

The deposit has been made under the terms of the Budapest Treaty on the 
International Recognition of the Deposit of Micro-organisms for Purposes of Patent 
Procedure. The clone will be irrevocably (without restriction or condition) released to 
the public upon the issuance of a patent. This deposit is provided merely as 
convenience to those of skill in the art and is not an admission that a deposit would be 
required under 35 U.S.C. §112. The sequence of the polynucleotide contained in the 
deposited material, as well as the amino acid sequence of the polypeptide encoded 
thereby, are controlling in the event of any conflict with any description of sequences 
herein. A license may be required to make, use or sell the deposited material, and no 
such license is hereby granted. 
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Detailed Descripti on of the Invftntinn 

Transcriptional regulators are a group of key polypeptides involved in phage 
lysogeny, sporulation, plasmid transfer, and amino acid utilization, as well as other 
activities. Such polypeptides are found in a number of bacterial species. 

The polynucleotide of this invention coding for the ivi-2 and ivi-3 transcriptional 
regulators and the partial polypeptide of ivi-4 was originally recovered from a genomic 
gene library derived from Enterococcus faecalis, of the genus Enterococcus. The 
particular strain of bacteria was JH2-2. 

The polynucleotides of this invention having transcriptional regulation activity 
was cloned and recovered from a genomic gene library from Enterococcus faecalis strain 
JH2-2. Clones were obtained and one such clone was called EFivi2 and the plasmid 
harbored by it was called P EFivi2. The plasmid DNA was isolated from XLl-Blue for 
DNA sequencing. 

The sequence of the entire insert of pEFivi2 was obtained using an ABI Model 
377 Automated Sequencer with dye-terminator and cycle sequencing chemistry. The 
completed sequence was analyzed using the Mac Vector sequence analysis program. The 
insert was found to be 798 base pairs in length (SEQ ID NO:l) and to contain two 
complete and one partial open reading frames (ORFs). (See Figures 1A-1B.) One 
coding for a 98 amino acid sequence polypeptide (SEQ ID NO:3) is designated as the 
ivi-2 gene (SEQ ID NO:2). A second ORF sequence coding for a 61 amino acid IVI-3 
(SEQ ID NO:5) is transcribed in the opposite direction and is designated IVI-3 (SEQ 
ID NO:4). The partial ORF, of which 28 amino acids (SEQ ID NO:7) were identified, 
lies 45 bases downstream of ORF and is designated IVI-4 (SEQ ID NO:6). All three 
are preceded by putative ribosome binding sites (AGGAGG). The 164 base intergenic 
region between ivi-2 and w-3 appears to contain putative promoters capable of driving 
divergently transcribed genes. Further, ivi-2 is preceded by the elements TTCAA and 
TATTAT, and /V/-3 is preceded by TTGACG and TATTAT, which are similar to the - 
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35 (TTGACA) and -10 (TATAAT) consensus sequences recognized by Bacillus subtilis 
a containing RN A polymerase. As neither a terminator nor a promoter lie between the 
end of ORF#l and the beginning of ORF#2, it is likely that both are encoded by the 
same transcript RNA. 

Identity searches of non-redundant protein databases were performed for each 
ORF using the BLAST algorithm. The hypothetical protein encoded by M-2 shows 
identity to 17 database entries with p values less than 0.01. All are members of the 
PBSX family of transcriptional regulators, which tends to confirm the predicted acuv.ty 
of the protein. ORF#l (ivi-3) shows identity to 13 database entries with p values less 
than 0 01 These are also members of the PBSX family, and many of the same gene 
products are hit by both ORFs. The top scoring match for ivi-3 and the second sconng 
match for ivi-2 are two genes organized in the same divergent arrangement w.th 
comparable intergenic space as ORFtfl and ivi-2. These are hypothetical proteins from 
the skin element locus of B. subtilis. 

One means for isolating the nucleic acid molecules encoding the transcriptional 
regulator polypeptides of the present invention is to probe a gene library with a natural 
or artificially designed probe using art recognized procedures (see, for example: 
Current Protocols in Molecular Biology, Ausube. F.M. * aL (EDS.) Green Pub.ishmg 
Company Assoc. and John Wiley Interscience, New York, 1989, 1992). For example, 
the partial gene sequence of ivi-4 is useful as a probe for obtaining the full length gene 
from a genomic library. It is appreciated by one skilled in the art that the 
polynucleotides of SEQ ID NOS:l, or fragments thereof (comprising at least 12 
contiguous nucleotides), are particularly useful probes. Other particularly useful probes 
for this purpose are hybridizable fragments of the sequence of SEQ ID NO:l (i.e., 
comprising at least 12 contiguous nucleotides). 

With respect to nucleic acid sequences which hybridize to specific nucleic acid 
sequences disclosed herein, hybridization may be carried out under conditions of 
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reduced stringency, medium stringency or even stringent conditions. As an example of 
oligonucleotide hybridization, a polymer membrane containing immobilized denatured 
nucleic acids is first prehybridized for 30 minutes at 45°C in a solution consisting of 0.9 
M NaCI, 50 mM NaH 2 P0 4 , pH 7.0, 5.0 mM Na 2 EDTA, 0.5% SDS, 10X Denhardt's, 
and 0.5 mg/mL polyriboadenylic acid. Approximately 2 X 10 7 cpm (specific activity 
4-9 X 10 8 cpm/ug) of 32 P end-labeled oligonucleotide probe are then added to the 
solution. After 12-16 hours of incubation, the membrane is washed for 30 minutes at 
room temperature in IX SET (150 mM NaCI, 20 mM Tris hydrochloride, pH 7.8, 1 
mM Na 2 EDTA) containing 0.5% SDS, followed by a 30 minute wash in fresh IX SET 
at Tm less 10°C for the oligo-nucleotide probe. The membrane is then exposed to auto- 
radiographic film for detection of hybridization signals. 

Stringent conditions means hybridization will occur only if there is at least 90% 
identity, preferably at least 95% identity and most preferably at least 97% identity 
between the sequences. Further, it is understood that a section of a 100 bps sequence 
that is 95 bps in length has 95% identity with the 1090 bps sequence from which it is 
obtained. See J. Sambrook et al., Molecular Cloning, A Laboratory Manual, 2d Ed. y 
Cold Spring Harbor Laboratory (1989) which is hereby incorporated by reference in its 
entirety. Also, it is understood that a fragment of a 100 bps sequence that is 95 bps in 
length has 95% identity with the 100 bps sequence from which it is obtained. 

As used herein, a first DNA (RNA) sequence has a percent identity to another 
DNA (RNA) sequence if there is such percent identity between the bases of the first 
sequence and the bases of the another sequence, when properly aligned with each other, 
for example when aligned by BLASTN. 

The present invention relates to polynucleotides which differ from the reference 
polynucleotide in a manner such that the change or changes is/are silent change(s), in 
that the amino acid sequence encoded by the polynucleotide remains the same. The 
present invention also relates to nucleotide changes which result in amino acid 
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substitutions, additions, deletions, fusions and truncations in the polypeptide encoded by 
the reference polynucleotide. In a preferred aspect of the invention these polypeptides 
retain the same biological action as the polypeptide encoded by the reference 
polynucleotide. 

The polynucleotides of the present invention may be in the form of RNA or 
DNA which DNA includes cDNA, genomic DNA, and synthetic DNA. The DNA may 
be double-stranded or single-stranded, and if single stranded may be the coding strand 
or non-coding (anti-sense) strand. The coding sequences which encodes the mature 
transcriptional regulators according to the invention may be identical to the coding 
sequences shown in Figures 1A-2A, collectively, (SEQ ID NO:l) or may be a different 
coding sequence which coding sequence, as a result of the redundancy or degeneracy 
of the genetic code, encodes the same polypeptides and putative promoters as the DNA 
of Figures 1A-2A, collectively, (SEQ ID NO:l). 

As hereinabove indicated, the polynucleotides may have a coding sequence which 
is a naturally occurring allelic variant of the coding sequence shown in Figures 1A-1B, 
collectively, (SEQ ID NO:l). As known in the art, an allelic variant is an alternate 
form of a polynucleotide sequence which may have a substitution, deletion or addition 
of one or more nucleotides, which does not substantially alter the function of the 
encoded polypeptide. Also, using directed and other evolution strategies, one may make 
very minor changes in DNA sequence which can result in major changes in function. 

Fragments of the full length gene of the present invention may be used as 
hybridization probes for a cDNA or a genomic library to isolate the full length DNA 
and to isolate other DNAs which have a high sequence identity to the gene. Probes of 
this type preferably have at least 10, preferably at least 15, and even more preferably 
at least 30 bases and may contain, for example, at least 50 or more bases. In fact, 
probes of this type having at least up to 150 bases or greater may be utilized. The 
probe may also be used to identify a DNA clone corresponding to a full length transcript 
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and a genomic clone or clones that contain the complete gene including regulatory and 
promotor regions, exons and introns. An example of a screen comprises isolating the 
coding region of the gene by using the known DNA sequence to synthesize an 
oligonucleotide probe. Labeled oligonucleotides, having a sequence complementary to 
that of the gene or portion of the gene sequences of the present invention are used to 
screen a library of genomic DNA to determine which members of the library the probe 
hybridizes to in a complementary sense, have an identity as described above. 

It is also appreciated that such probes can be and are preferably labeled with an 
analytically detectable reagent to facilitate identification of the probe. Useful reagents 
include but are not limited to radioactivity, fluorescent dyes or enzymes capable of 
catalyzing the formation of a detectable product. The probes are thus useful to isolate 
complementary copies of DNA from other sources or to screen such sources for related 
sequences. 

The present invention further relates to polynucleotides which hybridize to the 
hereinabove-described sequences if there is at least 70%, preferably at least 90%, and 
more preferably at least 95 % identity between the sequences. (As indicated above, 70% 
identity would include within such definition a 70 bps fragment taken from a 100 bp 
polynucleotide, for example.) The present invention particularly relates to 
polynucleotides which hybridize under stringent conditions to the hereinabove-described 
polynucleotides. As herein used, the term "stringent conditions" means hybridization 
will occur only if there is at least 95% and preferably at least 97% identity between the 
sequences. The polynucleotides which hybridize to the hereinabove described 
polynucleotides in a preferred embodiment encode transcriptional regulators which either 
retain substantially the same biological function or activity as the ivi-2 polypeptide 
encoded by the DNA of Figures 1A-2A, collectively, (SEQ ID NO:l). In referring to 
identity in the case of hybridization, as known in the art, such identity refers to 
complementarity of polynucleotide segments. 
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Alternatively, the polynucleotide may have at least 15 bases, preferably at least 
30 bases, and more preferably at least 50 bases which hybridize to any part of a 
polynucleotide of the present invention and which has an identity thereto, as hereinabove 
described, and which may or may not retain activity. For example, such 
polynucleotides may be employed as probes for the polynucleotide of SEQ ID NO: 1, 
for example, for recovery of the polynucleotide or as a diagnostic probe or as a PCR 
primer. 

Thus, the present invention is directed to polynucleotides having at least a 70% 
identity, preferably at least 90% identity and more preferably at least a 95% identity to 
a polynucleotide which encodes the polypeptides of SEQ ID NOS:3, 5 and 7, 
respectively, as well as fragments thereof, which fragments have at least 15 bases, 
preferably at least 30 bases, more preferably at least 50 bases and most preferably 
fragments having up to at least 150 bases or greater, which fragments are at least 90% 
identical, preferably at least 95% identical and most preferably at least 97% identical 
to any portion of a polynucleotide of the present invention. 

The present invention further relates to polypeptides which have the deduced 
amino acid sequence of Figures 1A-2A, collectively, (SEQ ID NOS:3, 5 and 7, 
respectively) as well as fragments, analogs and derivatives of such polypeptide. 

The terms "fragment," "derivative" and "analog" when referring to the 
polypeptides having the amino acid sequence of SEQ ID NOS:3, 5 and 7, respectively, 
means polypeptides which retain essentially the same biological function or activity as 
such polypeptides. Thus, an analog includes a proprotein which can be activated by 
cleavage of the proprotein portion to produce an active mature polypeptide. 

The polypeptides of the present invention may be a recombinant polypeptide, a 
natural polypeptide or a synthetic polypeptide, preferably a recombinant polypeptide. 
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The fragment, derivative or analog of the polypeptides of SEQ ID NOS 3 5 and 
7, respectively, may be (i) one in which one or more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid residue (preferab.y a 
conserved amino acid residue) and such substituted amino acid residue may or may not 
be one encoded by the genetic code, or (ii) one in which one or more of the amino acid 
rescues includes a substituent group, or (iii) one in which the mature polypeptide is 
fused with another compound, such as a compound to increase the half-life of the 
polypeptide (for example, polyethylene glycol), or (iv) one in which the additional 
ammo acids are fused to the mature polypeptide, such as a leader or secretory sequence 
or a sequence which is employed for purification of the mature polypeptide or a 
proprotein sequence. Such fragments, derivatives and analogs are deemed to be within 
the scope of those skilled in the art from the teachings herein. 

The polypeptides and polynucleotides of the present invention are preferably 
prov.ded in an isolated form, and preferably are purified to homogeneity. 

The term "isolated" means that the material is removed from its original 
env,ronment (e.g., the natural environment if it is naturally occurring). For example 
a naturally-occurring polynucleotide or polypeptide present in a living animal is no! 
isolated, but the same polynucleotide or polypeptide, separated from some or all of the 
coexisting materials in the natural system, is isolated. Such polynucleotides could be 
part of a vector and/or such polynucleotides or polypeptides could be part of a 
composition, and still be isolated in that such vector or composition is not part of its 
natural environment. 

The polypeptides of the present invention include the polypeptides of SEQ ID 
NOS:3, 5 and 7, respectively, (in particular the mature polypeptide) as well as 
polypeptides which have at least 70% similarity (preferably at least 70% identity) to the 
polypeptides of SEQ ID NOS:3, 5 and 7, respectively, and more preferably at least 90% 
s,milarity (more preferably at least 90% identity) to the polypeptides of SEQ ID NOS 3 
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5 and 7, respectively, and still more preferably at least 95% similarity (still more 
preferably at least 95% identity) to the polypeptides of SEQ ID NOS:3, 5 and 7, 
respectively, and also include portions of such polypeptides with such portion of the 
polypeptide generally containing at least 30 amino acids and more preferably at least 50 
amino acids and most preferably at least up to 150 amino acids. 

As known in the art "similarity" between two polypeptides is determined by 
comparing the amino acid sequence and its conserved amino acid substitutes of one 
polypeptide to the sequence of a second polypeptide. The definition of 70% similarity 
would include a 70 amino acid sequence fragment of a 100 amino acid sequence, for 
example, or a 70 amino acid sequence obtained by sequentially or randomly deleting 30 
amino acids from the 100 amino acid sequence. 

A variant, i.e. a "fragment", "analog" or "derivative" polypeptide, and reference 
polypeptide may differ in amino acid sequence by one or more substitutions, addition,, 
deletions, fusions and truncations, which may be present in any combinat.on. 

Among preferred variants of polypeptides according to the invention are those 
that vary from a reference by conservative amino acid substitutions. Such substitutions 
are those that substitute a given amino acid in a polypeptide by another amino add of 
like characteristics. Typically seen as conservative substitutions are the replacements, 
one for another, among the aliphatic amino acids Ala, Val, Uu and He; interchange of 
the hydroxyl residues Ser and Thr, exchange of the acidic residues Asp and Glu, 
substitution between the amide residues Asn and Gin, exchange of the basic res.dues Lys 
and Arg and replacements among the aromatic residues Phe, Tyr. 

Most highly preferred are variants which retain the same biological function and 
activity as the reference polypeptide from which it varies. 
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Fragments or portions of the transcriptional regulator polypeptides of the present 
invention may be employed for producing the corresponding full-length polypeptide by 
peptide synthesis; therefore, the fragments may be employed as intermediates for 
producing the full-length polypeptides. Fragments or portions of the polynucleotides of 
the present invention may be used to synthesize full-length polynucleotides of the present 
invention. 

The present invention also relates to vectors which include polynucleotides of the 
present invention, host cells which are genetically engineered with vectors of the 
invention and the production of polypeptides of the invention by recombinant techniques. 

Host cells are genetically engineered (transduced or transformed or transfected) 
with the vectors of this invention which may be, for example, a cloning vector such as 
an expression vector. The vector may be, for example, in the form of a plasmid, a 
phage, etc. The engineered host cells can be cultured in conventional nutrient media 
modified as appropriate for activating promoters, selecting transformants or amplifying 
the genes of the present invention. The culture conditions, such as temperature, pH and 
the like, are those previously used with the host cell selected for expression, and will 
be apparent to the ordinarily skilled artisan. 

The polynucleotides of the present invention may be employed for producing the 
polypeptides by recombinant techniques. Thus, for example, the polynucleotide may be 
included in any one of a variety of expression vectors for expressing a polypeptide. 
Such vectors include chromosomal, nonchromosomal and synthetic DNA sequences, 
e.g. , derivatives of SV40; bacterial plasmids; phage DNA; baculovirus; yeast plasmids; 
vectors derived from combinations of plasmids and phage DNA, viral DNA such as 
vaccinia, adenovirus, fowl pox virus, and pseudorabies. However, any other vector 
may be used as long as it is replicable and viable in the host. 
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The appropriate DNA sequence may be inserted into the vector by a variety of 
procedures. In general, the DNA sequence is inserted into an appropriate restriction 
endonuclease site(s) by procedures known in the art. Such procedures and others are 
deemed to be within the scope of those skilled in the art. 

The DNA sequence in the expression vector is operatively linked to an 
appropriate expression control sequence(s) (promoter) to direct mRNA synthesis. As 
representative examples of such promoters, there may be mentioned: LTR or SV40 
promoter, the E. coli. lac or trp, the phage lambda P L promoter and other promoters 
known to control expression of genes in prokaryotic or eukaryotic cells or their viruses. 
The expression vector also contains a ribosome binding site for translation initiation and 
a transcription terminator. The vector may also include appropriate sequences for 
amplifying expression. 

In addition, the expression vectors preferably contain one or more selectable 
marker genes to provide a phenotypic trait for selection of transformed host cells such 
as dihydrofolate reductase or neomycin resistance for eukaryotic cell culture, or such 
as tetracycline or ampicillin resistance in E. coli. 

The vector containing the appropriate DNA sequence as hereinabove described, 
as well as an appropriate promoter or control sequence, may be employed to transform 
an appropriate host to permit the host to express the protein. 

As representative examples of appropriate hosts, there may be mentioned: 
bacterial cells, such as E. coli. Streptomyces, Bacillus subtilis; fungal cells, such as 
yeast; insect cells such as Drosophila S2 and Spodoptera Sf9; adenoviruses; plant cells, 
etc. The selection of an appropriate host is deemed to be within the scope of those 
skilled in the art from the teachings herein. 
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More particularly, the present invention also includes recombinant constructs 
comprising one or more of the sequences as broadly described above. The constructs 
comprise a vector, such as a plasmid or viral vector, into which a sequence of the 
invention has been inserted, in a forward or reverse orientation. In a preferred aspect 
of this embodiment, the construct further comprises regulatory sequences, including, for 
example, a promoter, operably linked to the sequence. Urge numbers of suitable 
vectors and promoters are known to those of skill in the art, and are commercially 
available. The following vectors are provided by way of example; Bacterial: pQE70, 
pQE60, pQE-9 (Qiagen), pBluescript II KS, ptrc99a, pKK223-3, pDR540, pRIT2T 
(Pharmacia); Eukaryotic: pXTl, pSG5 (Stratagene) pSVK3, pBPV, pMSG, pSVLSV40 
(Pharmacia). However, any other plasmid or vector may be used as long as they are 
replicable and viable in the host. 



The genes described above and shown in Figures 1A-1B for ivi-2, ivi-3, and the 
partial for ivi-4 may be isolated from the deposited plasmid pEFivi-2 by the following 
digests: 

ivi-2 - 418 basepair HincII-Sau3AI fragment 

ivi-3 - 2909 basepair Hphl-HincII fragment 

ivi-4 - 102 basepair Sau3AI-MnII fragment. 
All of the restriction enzymes for obtaining such fragments are commercially available 
through New England Biolabs. 

For example, the ivi-2 gene product may be expressed by digesting plasmid 
pEFivi-2 with Hindi and Sau3AI and the 418 basepair fragment containing the ivi-2 
gene is then isolated from an agarose gel. The fragment is used in a ligation with 
plasmid pBluescript KS (Stratagene), which has been previously digested with Hindi 
and BamHI. This places the ivi-2 gene and its native promoter downstream of the lac 
promoter contained on the vector. The ligation products are transformed into XL-1 Blue 
(Stratagene) and transformants are selected on LB agar containing 0. 1 mg/ml ampicillin. 
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Colonies are selected and screened for presence of the insert. Liquid cultures are grown 
in LB broth 0. 1 mg/ml ampicillin to a density of 0. 1 A^o and IPTG is added at 1 mM 
to induce expression of the lac promoter and consequently the expression of the ivi-2 
gene. 

The same approach may be utilized for obtaining the ivi-3 gene product, except 
that T4 DNA polymerase blunt-ending of the fragment after gel purification and ligation 
with Hindi digested pBluescript would be used for the expression of ivi-3. 

Promoter regions can be selected from any desired gene using CAT 
(chloramphenicol transferase) vectors or other vectors with selectable markers. Two 
appropriate vectors are pKK232-8 and pCM7. Particular named bacterial promoters 
include lacl, lacZ, T3, T7, gpt, lambda P R , P L and trp. Eukaryotic promoters include 
CMV immediate early, HSV thymidine kinase, early and late SV40, LTRs from 
retrovirus, and mouse metallothionein-I. Selection of the appropriate vector and 
promoter is well within the level of ordinary skill in the art. 

In a further embodiment, the present invention relates to host cells containing the 
above-described constructs. The host cell can be a higher eukaryotic cell, such as a 
mammalian cell, or a lower eukaryotic cell, such as a yeast cell, or the host cell can be 
a prokaryotic cell, such as a bacterial cell. Introduction of the construct into the host cell 
can be effected by calcium phosphate transfection, DEAE-Dextran mediated transfection, 
or electroporation (Davis, L., Dibner, M., Battey, L, Basic Methods in Molecular 
Biology, (1986)). 

The constructs in host cells can be used in a conventional manner to produce the 
gene product encoded by the recombinant sequence. Alternatively, the polypeptides of 
the invention can be synthetically produced by conventional peptide synthesizers. 
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Mature proteins can be expressed in yeast, bacteria, or other cells under the 
control of appropriate promoters. Cell-free translation systems can also be employed 
to produce such proteins using RNAs derived from the DNA constructs of the present 
invention. Appropriate cloning and expression vectors for use with prokaryotic and 
eukaryotic hosts are described by Sambrook et aL, Molecular Cloning: A Laboratory 
Manual, Second Edition, Cold Spring Harbor, N.Y., (1989), the disclosure of which is 
hereby incorporated by reference. 

Transcription of the DNA encoding the enzymes of the present invention by 
higher eukaryotes is increased by inserting an enhancer sequence into the vector. 
Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp that act on 
a promoter to increase its transcription. Examples include the SV40 enhancer on the late 
side of the replication origin bp 100 to 270, a cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replication origin, and adenovirus 
enhancers. 

Generally, recombinant expression vectors will include origins of replication and 
selectable markers permitting transformation of the host cell, e.g., the ampicillin 
resistance gene of E. coli and S. cerevisiae TRP1 gene, and a promoter derived from 
a highly-expressed gene to direct transcription of a downstream structural sequence. 
Such promoters can be derived from operons encoding glycolytic enzymes such as 3- 
phosphoglycerate kinase (PGK), a-factor, acid phosphatase, or heat shock proteins, 
among others. The heterologous structural sequence is assembled in appropriate phase 
with translation initiation and termination sequences, and preferably, a leader sequence 
capable of directing secretion of translated enzyme. Optionally, the heterologous 
sequence can encode a fusion enzyme including an N-terminal identification peptide 
imparting desired characteristics, e.g., stabilization or simplified purification of 
expressed recombinant product. 
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ends for cloning into plastnid pBROKM-2. The PCR internal fragment and the plasmid 
were digested with San and ligated together to form a new plasmid. The resulting 
plasmid which was incapable of replication in E. faecalis. Electrotransformation of 
JH2-2 and integration of the plasmid onto the chromosome is by recombination at the 
cloned ivi-2 internal fragment, which disrupts and inactivates the gene. The 
electrotransformants of JH2-2 demonstrate very poor growth in kanamycin, despite 
carrying the Km-2 gene. When they are grown in the absence of the antibiotic, the cells 
appear to rapidly excise and segregate the plasmid. This data indicates that ivi-2 is an 
essential gene for growth. 



Example 2 

In order to express the ivi-2 gene product, plasmid pEfivi-2 is digested with 
Hindi and Sau3Al and the 418 basepair fragment containing the ivi-2 gene is isolated 
from and agarose gel. It is used in a ligation with plasmid pBluescript KS (Stratagene), 
which has been previously digested with Hindi and BamHI. This places the ivi-2 gene 
and its native promoter downstream of the lac promoter contained on the vector. The 
ligation products are transformed into XL-1 Blue (Stratagene) and transformants are 
selected on LB agar containing 0. 1 mg/ml ampicillin. Colonies are selected and screened 
for presence of the insert. Liquid cultures are grown in LB broth 0. lmg/ml ampicillin 
to a density of 0.1 and IPTG is added to ImM to induce expression of the lac 
promoter and expression of the ivi-2 gene. Expression of the 1 1 .2kD gene product is 
monitored on an SDS-polyacrylamide gel. 

Example 3 

In order to express the ORF1 (ivi-3) gene product, plasmid pEfivi-2 is digested 
with Hindi and HphI and the 299 basepair fragment containing the ivi-3 gene is isolated 
from and agarose gel. It is treated with T4 DNA polymerase to make the HphI end 
blunt. It is then used in a ligation with plasmid pBluescript KS (Stratagene), which has 
been previously digested with Hindi. This places the ivi-2 gene and its native promoter 
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downstream of the lac promoter contained on the vector. The ligation products are 
transformed into XL-1 Blue (Stratagene) and transformants are selected on LB agar 
containing 0. lmg/ml ampicillin. Colonies are selected and screened for presence of the 
insert. Liquid cultures are grown in LB broth 0. lmg/ml ampicillin to a density of 0.1 
Afioo and IPTG is added at ImM to induce expression of the lac promoter and expression 
of the ivi-2 gene. Expression of the 7.2kD gene product is monitored on an SDS- 
polyacrylamide gel. 

Example 4 

In order to express and purify the ivi-2 gene product, plasmid pEfivi-2 is used 
as the template for PCR using the oligonucleotides CATATGTTCGGTACACGCTTA 
and CATATGTCAATGAAAAGAGAG (SEQ ID NOS:10 and 11, respectively). The 
306 basepair PCR product containing the ivi-2 gene is digested with Ndel and isolated 
from and agarose gel. It is used in a ligation with plasmid pET-15b (Novagen), which 
has been previously digested with Ndel. This places the ivi-2 coding sequences 
downstream of the lac and 77 promoters contained on the vector and adds sequences 
encoding a hexahistidine tag to the 5' end of the ivi-2 gene, creating a chimeric 
polypeptide product. The ligation products are transformed into BL21 (Novagen) and 
transformants are selected on LB agar containing 0. lmg/ml ampicillin. Colonies are 
selected and screened for presence of the insert. Liquid cultures are grown in LB broth 
0. lmg/ml ampicillin to a density of 0.1 A^ and IPTG is added at ImM to induce 
expression of the lac promoter and expression of the ivi-2 gene. Expression of the 
1 1.2kD gene product is monitored on an SDS-polyacrylamide gel. Cells are lysed and 
the lysate is passed through a histidine binding resin column (Novagen), which binds the 
chimeric protein. The protein is cluted with imidazole and the histidine tag is cleaved 
by addition of thrombim. This produces substantially purified ivi-2 polypeptide. 

Example 5 

In order to express and purify the ivi-3 gene product, plasmid pEfivi-2 is used 
as the template for PCR using the oligonucleotides CATATGGAGGATTGGCTATTG 
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and CATATGTTATTCAAAAAAAAG (SEQ ID NOS:12 and 13, respectively). The 
196 basepair PCR product containing the ivi-3 gene is digested with Hdel and isolated 
from and agarose gel. It is used in a ligation with plasmid pET-15b (Novagen), which 
has been previously digested with Ndel. This places the ivi-3 coding sequences 
downstream of the lac and T7 promoters contained on the vector and adds sequences 
encoding a hexahistidine tag to the 5' end of the ivi-3 gene, creating a chimeric 
polypeptide product. The ligation products are transformed into B1.21 (Novagen) and 
transformants are selected on LB agar containing Ol.mg/ml ampicillin. Colonies are 
selected and screened for presence of the insert. Liquid cultures are grown in LB broth 
0 img/ml ampicillin to a density of 0.1 A^ and 1PTG is added at ImM to induce 
expression of the lac promoter and expression of the ivi-3 gene. Expression of the 
7.2kD gene product is monitored on an SDS-polyacrylamide gel. Cells are lysed and 
the lysate is passed through a histidine binding resin column (Novagen), which binds the 
chimeric protein. The protein is eluted with imidazole and the histidine tag is cleaved 
by addition of thrombim. This produces substantially purified ivi-3 polypeptide. 

Numerous modifications and variations of the present invention are possible in 
light of the above teachings and, therefore, within the scope of the appended claims, the 
invention may be practiced otherwise than as particularly described. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: DAVID T. BEATTIE 

(ii) TITLE OF INVENTION: IVI-2, IVI-3 and IVI-4 LOCI OF 

ENTEROCOCCUS FAECAL IS , POLYNUCLEOTIDE , 
POLYPEPTIDES AND METHOD OF USE THEREFOR 

(iii) NUMBER OF SEQUENCES : 13 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: CARELLA, BYRNE, BAIN, GILFILLAN, 

CECCHI, STEWART & OLSTEIN 

(B) STREET: 6 BECKER FARM ROAD 
<C) CITY: ROSELAND 

(D) STATE: NEW JERSEY 

(E) COUNTRY: USA 

(F) ZIP: 07068 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 INCH DISKETTE 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: MS-DOS 

( D ) SOFTWARE : ASCII 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Unas signed 

(B) FILING DATE: Concurrently 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/025899 

(B) FILING DATE: 18 SEP 96 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION : 

(A) NAME : MULL INS , J.G. 

(B) REGISTRATION NUMBER: 33,073 

(C) REFERENCE /DOCKET NUMBER: 732250-137 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 201-894-1700 

(B) TELEFAX: 201-994-1744 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 798 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GATCATC TGT TGC TAGTT CA ACAATAAGCT TTACGTTTGG CATGATTTCC AAAATGAAAT 60 
CAATCATCTT TTGTTTTTCT GGCATATTTT CACCTCCTAT CCAAATGTAA AGAGTCATAA 120 
CGAGTCATAG TTATTCAAAA AAAAGTGTCC AATCAAAACC CAAAATTGAT GCGATTCGCA 180 
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SSSSS SSSSS ScISE SSSSK3SSSK 3o°o 

sss K &s szs III 

TACGCATTTT GACACACGTC J*»JJ»« 3§SSS£ CGAATCGTAG GAGGTAACAT 480 

CTTCAAACTA CGCATATTGC GTAGTATTAT A'l^A^x^ aAATTAACAC AAACTGATGT 540 

TATGTTCGGT ACACGCTTAA CAGAATTAAG SaI^CTTCC TATGAACAAG GAAGAAGAAC 600 

TGCAAATGCA CITGGTGTAG CTAGAACGAC ™CTCTTCC ™ c •pAGATTATTT 660 

TCCAGATATA GATATCCAAA ATAAGATTGC gjCTATTTC Jj^ ^ C CGTCGCTGC 720 

SS SSS — Ancrcrcn tt^tt 7 jo 

ATATTAAGAA ACGCGATC 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS 

( ' (A) LENGTH: 297 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

ATGTTCGGTA CACGCTTAAC ?S?ji?F££jJ^ TACTCTTCCT ATGAACAAGG AAGAAGAACT xlS 

GCAAATGCAC TTGGTGTAGC TAGAACGACT TACTCTTCCi AGATTATTTA 180 

JcA^ATATAG ATATCCAAAA TAAGATTGCT ^CTATTTCA JTGTAAG^ ^cGCTGct 240 

gSSS SSaSSt? SSSSE atSaatgaga TTCTCTCTTT TCATTGA 2 9 7 

(2) INFORMATION FOR SEQ ID NO: 3 : 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 98 AMINO ACIDS 

(B) TYPE : POLYPEPTIDE 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: PROTEIN 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3: 
Met Phe Gly Thr Arg Lei Thr Glu Leu Arg Lys Gin Lys Lys Leu 
5 

T hr Gin Thr Asp Val Ala Asn Ala Leu Gly Val Ala Arg Thr Thr 

20 ZD 
Tyr Ser Ser Tyr Glu Gin Gly Arg Arg Thr Pro Asp He Asp lie 

Gin Asn Lys He Ala As P Tyr Phe Asn Val Ser Leu Asp Tyr Leu 

50 oz> 
His Gly Arg Glu Ser Phe Glu Asp Thr Ser Leu Ser Lys Lys Gin 

65 

L eu Thr Val Ala Ala His He Asp Asp Asp Val Ser Asp Thr Glu 
80 8:> 

Met Asn Glu He Leu Ser Phe His 
95 
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12) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 186 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

ATGAGAGATT GGCTATTGAA ATTGCGTATA AAAAATAAAA Tnarrraarn n^^™„ 

186 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 61 AMINO ACIDS 

( B ) TYPE : POLYPE PTIDE 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE : PROTEIN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met Arg Asp Trp Leu Leu Lys Leu Arg He Lys Asn Lys Met Thr 

5 10 15 

Gin Glu Glu Val Ala Val Lys Ala Glu He Ser Arg Thr Thr Tyr 
20 " 3 5 

Ala Ser He Glu Gin Gly Arg Arg Arg Pro Ser Val Glu Ser Ala 
35 40 45 

Met Arg He Ala Ser He Leu Gly Phe Asp Trp Thr Leu Phe Phe 
50 55 60 

Glu 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE; DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

^SJSI SXJ?™ *rrrr«*™ toitgccaaa cgtaaagctt so 

85 
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(2) INFORMATION FOR SEQ ID NO: 7: 

M> SEQUENCE CHARACTERISTICS 

(A) LENGTH: 28 AMINO ACIDS 

(B) TYPE: POLYPEPTIDE 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: PROTEIN 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Pro Glu Lys Gin Lys Met He Asp Phe He Leu Glu He Met 

Pro Asn Val Lys Leu He Val Glu Leu Ala Thr Asp Asp 

on " 



(2) INFORMATION FOR SEQ ID NO: 8 

m SEQUENCE CHARACTERISTICS 

(A) LENGTH: 29 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE : DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

29 

GTCGAGTCGAC TGATGTTGCA AATGCACTT 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 30 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

( C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GCAGGGTCGA CGTCATCGTC TATATGAGCA 
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(2) 
(i) 



INFORMATION FOR SEQ ID NO: 10 

SEQUENCE CHARACTERISTICS 

(A) LENGTH: 21 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10: 
CATATGTTCG GTACACG CTT A 

29 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 20 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
ATATGTCAAT GAAAAGAGAG 



(2) INFORMATION FOR SEQ ID NO: 12 

(1) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 21 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CATATGGAGG ATTGGCTATT G 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 21 NUCLEOTIDES 

(B) TYPE : NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:13: 
CATATGTTAT TCAAAAAAAA G 
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tmtT TS CLAIMED ISt 

1. An isolated polynucleotide comprising a 
polynucleotide having at least a 95% identity to a member 
selected from the group consisting of: 

(a) a polynucleotide encoding a 
polypeptide comprising amino acid 2 to 98 of SEQ ID NO. 2; 

(b) a polynucleotide encoding a 
polypeptide comprising amino acid 2 to 61 of SEQ ID NO. 3; 

(C ) a polynucleotide encoding a 

polypeptide ceding amino acid 2 to 26 of SBQ ID «0 4, 

(d) the complement of (a) , (b) or id . 

2 . The isolated polynucleotide of claim 1 

wherein said member is (a) . 

3. The isolated polynucleotide of claim 1 

wherein said member is (b) . 

4. The isolated polynucleotide of claim l 

wherein said member is (c) . 

5 The isolated polynucleotide of claim 1 
wherein said member is (a) and said polypeptide comprises 
amino acids 1 to 98 of SEQ ID NO:2. 

6 The isolated polynucleotide of claim l 
wherein said member is (b) and said polypeptide comprises 

amino acids 1 to 61 of SEQ ID NO: •mi 

7 The isolated polynucleotide of claim 1 
wherein said member is (c) and said polypeptide comprises 
amino acids 1 to 28 of SEQ ID N0:4. 

8. The isolated polynucleotide of claim l, 

wherein the polynucleotide is DNA. 

9. The isolated polynucleotide of claim l, 

wherein said polynucleotide is RNA. 

10 A method of making a recombinant vector 
comprising inserting the isolated polynucleotide of claim 1 
into a vector, wherein said polynucleotide is DNA. 

11 A recombinant vector comprising the 
polynucleotide of claim 1, wherein said polynucleotide is 
DNA. 
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12 . A recombinant host cell comprising the 
polynucleotide of claim 1, wherein said polynucleotide is 
DNA. 

13 . A method for producing a polypeptide 
comprising expressing from the recombinant cell of claim 12 
the polypeptide encoded by said polynucleotide. 

14. The isolated polynucleotide of claim l, 
comprising a polynucleotide sequence which is at least 95% 
identical to nucleotides 1 to 798 of SEQ ID NO. 1. 

15. The isolated polynucleotide of claim 1 
comprising the polynucleotide of SEQ ID NO. 1. 

16. An isolated polynucleotide comprising a 
polynucleotide having at least a 95% identity to a member 
selected from the group consisting of: 

(a) a polynucleotide encoding the same 
mature polypeptide encoded by the human cDNA in ATCC 
Deposit No. 98167, and 

(b) the complement of (a) . 

17. The isolated polynucleotide of claim 15 , 
wherein the member is (a) . 

18. The isolated polynucleotide of claim 15, 
wherein the member is (b) . 

19. The isolated polynucleotide of claim 15 
comprising a polynucleotide which encodes for the same 
mature polypeptide encoded by the human cDNA in 

ATCC Deposit No. 98167. 
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IVI-2, IVI-3 AND IVI-4 LOCI OF 
ENTEROCOCCUS FAECALIS POLYNUCLEOTIDE, 
POLYPEPTIDES AND METHOD OF USE THEREFOR 



This invention relates to newly identified polynucleotides, polypeptides encoded 
by such polynucleotides, the use of such polynucleotides and polypeptides, as well as 
the production and isolation of such polynucleotides and polypeptides. More 
particularly, the polynucleotides and polypeptides of the present invention have been 
putatively identified as transcriptional regulators. 

Transcriptional regulators are factors that assist RNA polymerase to more 
accurately initiate and conduct transcription. Some transcription factors are general 
factors required for all promoters while others are gene-specific and are required only 
for certain promoters. Some genera, factors are also involved in the assembly of a 
multi-component protein complex of the promoter. 
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Transcriptional factors usually are found to have at least two functional domains, 
one for binding DNA and one for transcriptional activation. These functions are 
frequently found within circumscribed structural domains which frequently retain their 
function even when removed from the place of their natural occurrence. 

Generally, Enterococcus faecalis is a pathogenic bacteria species which is known 
to cause infections, particularly endocarditis, in mammals. Therefore, suppression of 
a transcriptional regulator in such a bacteria would be detrimental to the growth of the 
bacteria and limit its ability to infect a host with endocarditis. 

In accordance with one aspect of the present invention, there are provided novel 
transcriptional regulator polypeptides, as well as active fragments, analogs and 
derivatives thereof. 

In accordance with another aspect of the present invention, there are provided 
isolated nucleic acid molecules encoding the transcriptional regulators of the present 
invention including mRNAs, cDNAs, genomic DNAs as well as active analogs and 
fragments of such transcriptional regulators. 

In accordance with another aspect of the present invention there are provided 
isolated nucleic acid molecules encoding mature polypeptides expressed by the DNA 
contained in ATCC Deposit No. 98167. 

In accordance with yet a further aspect of the present invention, there is provided 
a process for producing such polypeptides by recombinant techniques comprising 
culturing recombinant prokaryotic and/or eukaryotic host cells, containing a nucleic acid 
sequence of the present invention, under conditions promoting expression of said 
transcriptional regulators and subsequent recovery of said transcriptional regulators. 
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to accordance wi<h ye. a further aspect of the present invention, there is provided 
a process for utilising such transcriptiona! regulators as reagems for testmg 
IrZutiea. antibiotics for .heir activity in deactivating or controlling rhe acvuy of 
r—ona, relators as par, of a screening process ,„ identify 
for creating or controlling Entewcoccus faecalis infecons. 

,„ accordance with anouter aspect of the present invention ,he polynucleotides 
„ r epitopic .ragmen* .hereof are useful as ,„ ««. age„.s for producing tnonoc ona! 

Li s useful in screening procedures for diagnosing ^ 
nfections by identifying .he presence of such baceria in a specimen from a — 
11** of having such an infection. Also, such polynucleotides or epttoptc fragment 
I H as reagents to res. pharmaceutical chemicals for activity in suppress*, £ 
egression of such polynucleotides. Thus, the polynucleotides and po.ypept.dea 
ZZ to me invention are useful as in «ro agents for diagnostic and screemng 
^Ll for identifying and/or treating '» — 

,„ another aspect of me present invention, an antisense confer prepared 
mro „gh me use of antisense rechnology , may be use. .0 eonrro, ge^ express *o»gh 
formation or — DNA or RNA, both of which ntedtods are based on 
Z ng of a polynucleotide to DNA or RNA. For example, me 5- coding port.on of 
r -ence, which codes for the mature 

invention is used .o design an amisenae RNA oligonucleoude of from about 10 .o 

:r:: m ^ * oiig 0 „uc,eo.ide , . * — 

region of me gene involved in rranscrip.ion Ctrlple he x - £ 
Res 6-3073 (1979); Cooney et al. Science, 241.456 (1988), ano 
Science' 251: 1360 (1991)), .hereby preventing ttanscriprion and me producion of .he 
>* — genes. The antisense RNA oligom.cieo.ide hybridi.es to me mRN A 
• viw and blodts .rans,a.ion of mRNA molecules into transcriptional regular 

1 lisense ,nhibi.ors of Gene Expression, CRC Press, Boca Raton, FL ,1988),. 
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oligonucleotides described above can also be delivered to cells such that the antisense 
RNA or DNA may be expressed in vivo to inhibit production of the ivi locus 
transcriptional regulators. 

In accordance with yet a further aspect of the present invention, there are also 
provided nucleic acid probes comprising nucleic acid molecules of sufficient length to 
specifically hybridize to a nucleic acid sequence of the present invention. 

In accordance with yet a further aspect of the present invention, there is provided 
a process for utilizing such transcriptional regulator polypeptides, or polynucleotides 
encoding such polynucleotides, for in vitro purposes related to scientific research, for 
example, to generate probes for identifying similar sequences which might encode 
similar transcriptional regulators from other organisms by using certain regions, i.e., 
> conserved sequence regions, of the nucleotide sequence. 

These and other aspects of the present invention should be apparent to those 
skilled in the art from the teachings herein. 

Brief Description of the Drawings 

The following drawings are illustrative of an embodiment of the invention and 
are not meant to limit the scope of the invention as encompassed by the claims. 

Figure 1A-1B 

Figures 1A-1B, collectively, are a contiguous illustration of the full-length DNA 
sequence (SEQ ID NO:l) and the corresponding deduced amino acid sequences for the 
IVI-2 locus of Enterobacteria faecalis which is a transcriptional regulator of the present 
invention, as well as two other open reading frames and an intergenic region. Thus, 
Figure 1 A has the beginnings of the sequences, and Figure 2 A continues from Figure 
1A with the last of the sequences. 
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Definitions 



,„ or der ,o facilitate understanding of ft. following de.crip.ion and espies 

The term "gene- means the segment of DN A involved in producing a polypeptide 
chain- il ldes Igions preceding and following the coding region (leader and trader) 
I^ll a S — g fences (inrrons, between individual coding segments M 

A coding sequence is "operably linked to" another coding sequence when RNA 

expressed sequences ultimate., pr«*ss to produce the desired pro.cn. 

techniques; ,,, pn— from cells transformed by an -^^^ 
encoding the desired polypeptide. "Synthetic" polypepttdea a. those ptep 
chemical synthesis. 

A DNA "coding sequence of or a 'nucleotide sequence encoding" a particular 
e„„me ^is a OnI Jenl which is,— and nans-ated into a polypeptide when 
p,aced under the control of appropriate regulatory sequences. 

„co "r." nreceded and/or followed by 
"Plasmids" are designated by a lower case p preceded 

^ Z and,or numbers. The sorting ^^^Z 
avaHable, publicly available on an unrestrtct* basts o, ^ b 



artisan. 
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"Digestion" of DNA refers to catalytic cleavage of the DNA with a restriction 
enzyme that acts only at certain sequences in the DNA. The various restriction enzymes 
used herein are commercially available and their reaction conditions, cofactors and other 
requirements were used as would be known to the ordinarily skilled artisan. For 
analytical purposes, typically 1 ^g of plasmid or DNA fragment is used with about 2 
units of enzyme in about 20 pA of buffer solution. For the purpose of isolating DNA 
fragments for plasmid construction, typically 5 to 50 ng of DNA are digested with 20 
to 250 units of enzyme in a larger volume. Appropriate buffers and substrate amounts 
for particular restriction enzymes are specified by the manufacturer. Incubation times 
of about 1 hour at 37 *C are ordinarily used, but may vary in accordance with the 
supplier's instructions. After digestion the reaction is electrophoresed directly on a 
polyacrylamide gel to isolate the desired fragment. 

Size separation of the cleaved fragments is performed using 8 percent 
polyacrylamide gel described by Goeddel et aL, Nucleic Acids Res., 5:4057 (1980). 

"Oligonucleotides" refers to either a single stranded polydeoxynucleotide or two 
complementary polydeoxynucleotide strands which may be chemically synthesized. 
Such synthetic oligonucleotides have no 5' phosphate and thus will not ligate to another 
oligonucleotide without adding a phosphate with an ATP in the presence of a kinase. 
A synthetic oligonucleotide will ligate to a fragment that has not been dephosphorylated. 

"Ligation" refers to the process of forming phosphodiester bonds between two 
double stranded nucleic acid fragments (Maniatis, T., et aL, Id., p. 146). Unless 
otherwise provided, ligation may be accomplished using known buffers and conditions 
with 10 units of T4 DNA ligase ("ligase") per 0.5 M g of approximately equimolar 
amounts of the DNA fragments to be ligated. 
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Unless otherwise slated, transformation was performed as described in Sambrook 
and Maniatis, Mo.eeniar Coning: A Uboratory Manuat, Coid Spring Harbor 
Laboratory, 1989. 

,„ aeeordance with an aspect of the present invention, there are provided isolated 
nucleic acids (poiynucieorides) which encode for the mature ivi-2 polypeptide, for a 
S eeond mature ivi-3 poiypeptide, and for a portion of a po.ypep.ide v,-4, havtng fte 
deduced amino acid sequences shown coUecriveiy by Figures . A-.B (SEQ ID NOS.2, 
4 and 6, respectively). 

,„ accordance with another aspect of .he presen. inven.ion, mere are provided 
isolat ed po.ynuo.eo.ides encoding me ivi-2 and ivi-3 po.ypep.ides, as we., as fte pantal 
po.ypep.ide of ivi-4 of the presen. invention. The deposit* material is a genormc done 
com r sing DNA encoding .he ivi-2, ivi-3 and partial ivi-4 polypeptides of the presen 
invention, in a piasmid DNA vector form designate* as pEPivi2. As dotted 
" A merica„TypeCu.tureConec.ion,12301ParklawnDrive,Roe k ville,Mary,a„d20852 

USA, me deposit materia, is assigned ATCC Deposi. No. 98.67, and was depostted 

on September 12, 1996. 

The deposit has been made under the terms of the Budapest Treaty on the 
■nternationa, Recognition of the Deposi. of Micro-organisms for Purposes of Paten. 
Procure. The clone wii. be irrevocably (without restriction or condition) released to 
the public upon the issuance of a patent. This deposit is provided merely as 
convenience to those of skill in the art and is no. an admission that a depost. would be 
required under 35 U.S.C. §112. The sequence of the polynucleotide contented tn fte 
deposited materia,, as well as fte amino acid sequence of fte polypeptide encoded 
.hereby, are controlling in fte even, of any conflict with any description of sequences 
herein. A license may be required to make, use or sell fte deposited materia,, and no 
such license is hereby granted. 
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Detailed Description of the Invention 

Transcriptional regulators are a group of key polypeptides involved in phage 
lysogeny, sporulation, plasmid transfer, and amino acid utilization, as well as other 
activities. Such polypeptides are found in a number of bacterial species. 

The polynucleotide of this invention coding for the ivi-2 and ivi-3 transcriptional 
regulators and the partial polypeptide of ivi-4 was originally recovered from a genomic 
gene library derived from Enterococcus faecalis, of the genus Enterococcus. The 
particular strain of bacteria was JH2-2. 

The polynucleotides of this invention having transcriptional regulation activity 
was cloned and recovered from a genomic gene library from Enterococcus faecalis strain 
JH2-2. Clones were obtained and one such clone was called EFivi2 and the plasmid 
harbored by it was called pEFivi2. The plasmid DNA was isolated from XLl-Blue for 
DNA sequencing. 

The sequence of the entire insert of pEFivi2 was obtained using an ABI Model 
377 Automated Sequencer with dye- terminator and cycle sequencing chemistry. The 
completed sequence was analyzed using the Mac Vector sequence analysis program. The 
insert was found to be 798 base pairs in length (SEQ ID NO:l) and to contain two 
complete and one partial open reading frames (ORFs). (See Figures 1A-1B.) One 
coding for a 98 amino acid sequence polypeptide (SEQ ID NO:3) is designated as the 
ivi-2 gene (SEQ ID NO:2). A second ORF sequence coding for a 61 amino acid IVI-3 
(SEQ ID NO:5) is transcribed in the opposite direction and is designated IVI-3 (SEQ 
ID NO:4). The partial ORF, of which 28 amino acids (SEQ ID NO:7) were identified, 
lies 45 bases downstream of ORF and is designated IVI-4 (SEQ ID NO:6). All three 
are preceded by putative ribosome binding sites (AGGAGG). The 164 base intergenic 
region between ivi-2 and ivi-3 appears to contain putative promoters capable of driving 
divergently transcribed genes. Further, w-2 is preceded by the elements TTCAA and 
TATTAT, and /v/-3 is preceded by TTGACG and TATTAT, which are similar to the - 
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35 rrTGACA) and -10 (TATAAT) consents sequences recognised by Bacillus sutum 
lining RN A po.yn.era*. As neither a — nor a promorer U «~ * 

mci? it is likelv that both are encoded by tne 
end of ORF#l and the beginning of ORF#2, it is likeiy 

same transcript RNA. 

We „, it y searches of non-redundan. protein databases were performed io, ■«*. 
ORF using Ore BLAST algorimn, The hypo.he.ica! prorein encoded by ,v,-2 show 
Lity «o 17 daabase entries wi«h p values less .ban 0.01. AU are members of r e 
rsx luyof—ona, refers, -ds ,o confirm .be pre.— 

^pro^n. ™W~^~J^£ZZ 
than 0 01 These are also members of the PBSX tamuy, an 

tZare bit by bod, ORFs. Tne top scoring matcb for M-3 and dte second scormg 
2nr*« - - — organized in tne same divergent arrangement wdb 
XI intergenic space as ORF#l and «. Tbese are bypotberica, proems from 
the skin element locus of B. swMfo. 

One means for isolating tbe »uc.eic acid mo.ecuies encoding me transcriptional 
relator po,ypep ti des of me present invenrion is to probe a gene Horary w.tb a nam . 
, Igned probe using ar, recognized procedures (see, for example, 
or artificially designeu v . „ . » , EDS ) G reen Publishing 

Current Protocols in Molecular Biology, Ausubel F.M. et al. (EDS,) u 
Lurrera now 1992). For example, 

r„ m ™nv Assoc and John Wiley Interscience, New York, 198V, 

for .his purpose are hybridizable fragment of .he sequence of SEQ ID NO.l (i.e., 
comprising at leas. 12 contiguous nucleotides). 

With respect ro nucleic acid sequences which hybridize .o specific nucleic acid 
sequences disclosed herein, hybridization may be carried on. under condemns of 
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reduced stringency, medium stringency or even stringent conditions. As an example of 
oligonucleotide hybridization, a polymer membrane containing immobilized denatured 
nucleic acids is first prehybridized for 30 minutes at 45°C in a solution consisting of 0.9 
M NaCl, 50 mM NaH 2 P0 4 , pH 7.0, 5.0 mM Na 2 EDTA, 0.5% SDS, 10X Denhardt's, 
and 0.5 mg/mL poly riboadeny lie acid. Approximately 2 X 10 7 cpm (specific activity 
4-9 X 10 8 cpm/ug) of 32 P end-labeled oligonucleotide probe are then added to the 
solution. After 12-16 hours of incubation, the membrane is washed for 30 minutes at 
room temperature in IX SET (150 mM NaCl, 20 mM Tris hydrochloride, pH 7.8, 1 
mM Na 2 EDTA) containing 0.5% SDS, followed by a 30 minute wash in fresh IX SET 
at Tm less 10°C for the oligonucleotide probe. The membrane is then exposed to auto- 
radiographic film for detection of hybridization signals. 

Stringent conditions means hybridization will occur only if there is at least 90% 
identity, preferably at least 95% identity and most preferably at least 97% identity 
between the sequences. Further, it is understood that a section of a 100 bps sequence 
that is 95 bps in length has 95% identity with the 1090 bps sequence from which it is 
obtained. See J. Sambrook et al., Molecular Cloning, A Laboratory Manual, 2d Ed., 
Cold Spring Harbor Laboratory (1989) which is hereby incorporated by reference in its 
entirety. Also, it is understood that a fragment of a 100 bps sequence that is 95 bps in 
length has 95% identity with the 100 bps sequence from which it is obtained. 

As used herein, a first DNA (RNA) sequence has a percent identity to another 
DNA (RNA) sequence if there is such percent .identity between the bases of the first 
sequence and the bases of the another sequence, when properly aligned with each other, 
for example when aligned by BLASTN. 

The present invention relates to polynucleotides which differ from the reference 
polynucleotide in a manner such that the change or changes is/are silent change(s), in 
that the amino acid sequence encoded by the polynucleotide remains the same. The 
present invention also relates to nucleotide changes which result in amino acid 
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substitutions, additions, demons, fusion, and truncations in the po.ypeptide encoded by 

Z ZL^ po.ynucieo.ide. , a preferted aspect o f fc h— 

retain .he same biological ac.ion as .he po.ypep.ide encoded by .he reference 

polynucleotide. 

The po.ynuc.eo.idea of .he presen. invention may be in one form - JJ- 
DNA which DNA incudes cDNA, genomic DNA, and syndic DNA. TKe ^DNA may 

or „on-coding (anti-sense) s.rand. The codin g seances J- 

tfme gelc code, encodes the same po.ypep.ides and putative promoters as the DNA 
of Fi g ures 1A-2A, collectively, (SEQ ID N0:1). 
- Mhereinaboveind^.thepolynuCeo.idesn.yhaveacoding^uenc.wMch 
„ . M occurring - variant of the - 

col.ective.y, (SEQ ID NO:.). As known tn the art. „ ^ 

form of a polynucleotide sequence which may have a subsutubon, dele ton or 
form P substantially alter the funcuon of the 

of one or more ^^^ MMaM ,^y^ 

Fragments of the full len g th g ene of the presen. invention ma, * used - 
Hybrid probes for a cDNA or a g e„omic library to isolate the fu Hen * DN A 

L «o isolate other DNAs which have a hi g h sequence identtty to the gen. Pro «o 
«. type pteferably have at leas. .0, preferabiy at leas. 15. and even «^ 
t Z 30 bases and may contain, for example, a, leas, 50 or more ba, J £ 
orobes of this type having at leas, up to 150 bases or greater may be united. The 
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and a genomic clone or clones that contain the complete gene including regulatory and 
promotor regions, exons and introns. An example of a screen comprises isolating the 
coding region of the gene by using the known DNA sequence to synthesize an 
oligonucleotide probe. Labeled oligonucleotides, having a sequence complementary to 
that of the gene or portion of the gene sequences of the present invention are used to 
screen a library of genomic DNA to determine which members of the library the probe 
hybridizes to in a complementary sense, have an identity as described above. 

It is also appreciated that such probes can be and are preferably labeled with an 
analytically detectable reagent to facilitate identification of the probe. Useful reagents 
include but are not limited to radioactivity, fluorescent dyes or enzymes capable of 
catalyzing the formation of a detectable product. The probes are thus useful to isolate 
complementary copies of DNA from other sources or to screen such sources for related 
> sequences. 

The present invention further relates to polynucleotides which hybridize to the 
hereinabove-described sequences if there is at least 70%, preferably at least 90%, and 
more preferably at least 95 % identity between the sequences. (As indicated above, 70% 
identity would include within such definition a 70 bps fragment taken from a 100 bp 
polynucleotide, for example.) The present invention particularly relates to 
polynucleotides which hybridize under stringent conditions to the hereinabove-described 
polynucleotides. As herein used, the term "stringent conditions" means hybridization 
will occur only if there is at least 95% and preferably at least 97% identity between the 
sequences. The polynucleotides which hybridize to the hereinabove described 
polynucleotides in a preferred embodiment encode transcriptional regulators which either 
retain substantially the same biological function or activity as the ivi-2 polypeptide 
encoded by the DNA of Figures 1A-2A, collectively, (SEQ ID NO:l). In referring to 
identity in the case of hybridization, as known in the art, such identity refers to 
complementarity of polynucleotide segments. 
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Alternatively, the polynucleotide may have at least 15 bases, preferably at least 
30 bases, and more preferably at least 50 bases which hybridize to any part of a 
polynucleotide of the present invention and which has an identity thereto, as hereinabove 
described, and which may or may not retain activity. For example, such 
polynucleotides may be employed as probes for the polynucleotide of SEQ ID NO: 1, 
for example, for recovery of the polynucleotide or as a diagnostic probe or as a PCR 



primer. 



Thus the present invention is directed to polynucleotides having at least a 70% 
identity preferably at least 90% identity and more preferably at least a 95% identity to 
a polynucleotide which encodes the polypeptides of SEQ ID NOS:3, 5 and 7, 
respectively, as well as fragments thereof, which fragments have at least 15 bases, 
preferably at least 30 bases, more preferably at least 50 bases and most preferably 
fragments having up to at least 150 bases or greater, which fragments are at least 90% 
identical, preferably at least 95% identical and most preferably at least 97% identical 
" to any portion of a polynucleotide of the present invention. 

The present invention further relates to polypeptides which have the deduced 
amino acid sequence of Figures 1A-2A, collectively, (SEQ ID NOS:3, 5 and 7, 
respectively) as well as fragments, analogs and derivatives of such polypeptide. 

The terms "fragment," "derivative" and "analog" when referring to the 
polypeptides having the amino acid sequence of SEQ ID NOS:3, 5 and 7, respectively, 
means polypeptides which retain essentially the same biological function or act.vty as 
such polypeptides. Thus, an analog includes a proprotein which can be actuated by 
cleavage of the proprotein portion to produce an active mature polypeptide. 

The polypeptides of the present invention may be a recombinant polypeptide, a 
natural polypeptide or a synthetic polypeptide, preferably a recombinant polypeptide. 
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The fragment, derivative or analog of the polypeptides of SEQ ID NOS.3, 5 and 
7, respectively, may be (i) one in which one or more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid residue (preferably a 
conserved amino acid residue) and such substituted amino acid residue may or may not 
be one encoded by the genetic code, or (ii) one in which one or more of the amino acid, 
residues includes a substituent group, or (iii) one in which the mature polypeptide is 
fused with another compound, such as a compound to increase the half-life of the 
polypeptide (for example, polyethylene glycol), or (iv) one in which the additional 
amino acids are fused to the mature polypeptide, such as a leader or secretory sequence 
or a sequence which is employed for purification of the mature polypeptide or a 
proprotein sequence. Such fragments, derivatives and analogs are deemed to be within 
the scope of those skilled in the art from the teachings herein. 

The polypeptides and polynucleotides of the present invention are preferably 
provided in an isolated form, and preferably are purified to homogeneity. 

The term "isolated" means that the material is removed from its original 
environment (e.g., the natural environment if it is naturally occurring). For example, 
a naturally-occurring polynucleotide or polypeptide present in a living animal is not 
isolated, but the same polynucleotide or polypeptide, separated from some or all of the 
coexisting materials in the natural system, is isolated. Such polynucleotides could be 
part of a vector and/or such polynucleotides or polypeptides could be part of a 
composition, and still be isolated in that such vector or composition is not part of its 
natural environment. 

The polypeptides of the present invention include the polypeptides of SEQ ID 
NOS:3, 5 and 7, respectively, (in particular the mature polypeptide) as well as 
polypeptides which have at least 70% similarity (preferably at least 70% identity) to the 
polypeptides of SEQ ID NOS:3, 5 and 7, respectively, and more preferably at least 90% 
similarity (more preferably at least 90% identity) to the polypeptides of SEQ ID NOS:3, 

14 



BNSDOCID: <WO 9812205A1 IA> 



WO 98/12205 



PCT/US97/16589 



5 and 7 respectively, and still more preferably at least 95% similarity (still more 
preferably at least 95% identity) to the polypeptides of SEQ ID NOS:3, 5 and 7, 
respectively, and also include portions of such polypeptides with such portion of the 
polypeptide generally containing at least 30 amino acids and more preferably at least 50 
amino acids and most preferably at least up to 150 amino acids. 

As known in the art "similarity" between two polypeptides is determined by 
comparing the amino acid sequence and its conserved amino acid substitutes of one 
polypeptide to the sequence of a second polypeptide. The definition of 70% similanty 
would include a 70 amino acid sequence fragment of a 100 amino acid sequence, for 
example, or a 70 amino acid sequence obtained by sequentially or randomly deleting 30 
amino acids from the 100 amino acid sequence. 

A variant, i.e. a "fragment", "analog" or "derivative" polypeptide, and reference 
polypeptide may differ in amino acid sequence by one or more substitutions, additions, 
" deletions, fusions and truncations, which may be present in any combination. 

Among preferred variants of polypeptides according to the invention are those 
that vary from a reference by conservative amino acid substitutions. Such substitutions 
are those that substitute a given amino acid in a polypeptide by another amino acid of 
like characteristics. Typically seen as conservative substitutions are the replacements, 
one for another, among the aliphatic amino acids Ala, Val, Leu and He; interchange of 
the hydroxyl residues Ser and Thr, exchange of the acidic residues Asp and Glu, 
substitution between the amide residues Asn and Gin, exchange of the basic residues Lys 
and Arg and replacements among the aromatic residues Phe, Tyr. 

Most highly preferred are variants which retain the same biological function and 
activity as the reference polypeptide from which it varies. 
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Fragments or portions of the transcriptional regulator polypeptides of the present 
invention may be employed for producing the corresponding full-length polypeptide by 
peptide synthesis; therefore, the fragments may be employed as intermediates for 
producing the full-length polypeptides. Fragments or portions of the polynucleotides of 
the present invention may be used to synthesize full-length polynucleotides of the present 
invention. 

The present invention also relates to vectors which include polynucleotides of the 
present invention, host cells which are genetically engineered with vectors of the 
invention and the production of polypeptides of the invention by recombinant techniques. 

Host cells are genetically engineered (transduced or transformed or transfected) 
with the vectors of this invention which may be, for example, a cloning vector such as 
an expression vector. The vector may be, for example, in the form of a plasmid, a 
phage, etc. The engineered host cells can be cultured in conventional nutrient media 
modified as appropriate for activating promoters, selecting transformants or amplifying 
the genes of the present invention. The culture conditions, such as temperature, pH and 
the like, are those previously used with the host cell selected for expression, and will 
be apparent to the ordinarily skilled artisan. 

The polynucleotides of the present invention may be employed for producing the 
polypeptides by recombinant techniques. Thus, for example, the polynucleotide may be 
included in any one of a variety of expression vectors for expressing a polypeptide. 
Such vectors include chromosomal, nonchromosomal and synthetic DNA sequences, 
e.g., derivatives of SV40; bacterial plasmids; phage DNA; baculovirus; yeast plasmids; 
vectors derived from combinations of plasmids and phage DNA, viral DNA such as 
vaccinia, adenovirus, fowl pox virus, and pseudorabies. However, any other vector 
may be used as long as it is replicable and viable in the host. 
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The appropriate DNA sequence may be inserted into the vecror by a vanety of 
procedures. In general, rhe DNA sequence is inserted into an appropriate restncuoo 
eadonuclease si.e(s, by procedures known in the an. Such procedures and others are 
deemed to be within the scope of those skilled in the art. 

The DNA sequence in the expression vector is operative!, linked to an 
appropriare expression control sequencers, (promoter, to direct mRNA synOtes^ As 
representative examples of such promoters, there may be mentmned: LTR or SV40 
plorer, the E. coll. lac or ,rp, .he phage lambda P L promoter and orher promos 
known to control expression of genes in prokaryoric or eukaryo.ic cells or then v.ruse. 
The expression vector also contains a ribosome bindmg site for translation inntauon and 
. transcription terminator. The vector may also include appropriate sequences for 
amplifying expression. 

,„ addition, the expression vectors preferably contain one or more selectable 
~ marker genes to provide a phenotypic trait for selection of transformed host cells such 
as dihydrofolate reductase or neomycin resistance for eukaryoric cell culture, or such 
as tetracycline or ampicillin resistance in E. coll. 

The vector containing the appropriate DNA sequence as hereinabove described, 
as well as an appropriate promoter or control sequence, may be employed ,o transform 
an appropriate host to permit the host to express the protetn. 

As representative examples of appropriate hosts, there may be mentioned: 
bacterial cells, such as E. coli. S,repton»ces, Bacillus sMlis; fungal cells such as 
yeast- insect cells such as DrosopHila 52 and SpoOopura «* adenoviruses; plant cells, 
etc. 'The selection of an appropriate host is deemed to be within the scope of those 
skilled in the art from the teachings herein. 
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More particularly, the present invention also includes recombinant constructs 
comprising one or more of the sequences as broadly described above. The constructs 
comprise a vector, such as a plasmid or viral vector, into which a sequence of the 
invention has been inserted, in a forward or reverse orientation. In a preferred aspect 
of this embodiment, the construct further comprises regulatory sequences, including, for 
example, a promoter, operably linked to the sequence. Large numbers of suitable 
vectors and promoters are known to those of skill in the art, and are commercially 
available. The following vectors are provided by way of example; Bacterial: pQE70, 
PQE60, pQE-9 (Qiagen), pBluescript II KS, ptrc99a, pKK223-3, pDR540, pRIT2T 
(Pharmacia); Eukaryotic: pXTl, pSG5 (Stratagene) pSVK3, pBPV, pMSG, pSVL SV40 
(Pharmacia). However, any other plasmid or vector may be used as long as they are 
replicable and viable in the host. 

The genes described above and shown in Figures 1A-1B for ivi-2, ivi-3, and the 
.partial for ivi-4 may be isolated from the deposited plasmid pEFivi-2 by the following 
digests: 

ivi-2 - 418 basepair HincII-Sau3AI fragment 

ivi-3 - 2909 basepair Hphl-HincII fragment 

ivi-4 - 102 basepair Sau3AI-M nil fragment. 
All of the restriction enzymes for obtaining such fragments are commercially available 
through New England Biolabs. 

For example, the ivi-2 gene product may be expressed by digesting plasmid 
pEFivi-2 with Hindi and Sau3AI and the 418 basepair fragment containing the ivi-2 
gene is then isolated from an agarose gel. The fragment is used in a ligation with 
plasmid pBluescript KS (Stratagene), which has been previously digested with Hindi 
and BamHI. This places the ivi-2 gene and its native promoter downstream of the lac 
promoter contained on the vector. The ligation products are transformed into XL-1 Blue 
(Stratagene) and transformants are selected on LB agar containing 0. 1 mg/ml ampicillin. 
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Colonies are selected and screened for presence of the insert. Liquid cultures are grown 
in LB broth 0.1 mg/ml ampicillin to a density of 0.1 A 60O and IPTG is added at 1 mM 
to induce expression of the lac promoter and consequently the expression of the ivi-2 



gene. 



The same approach may be utilized for obtaining the ivi-3 gene product, except 
that T4 DNA polymerase blunt-ending of the fragment after gel purification and ligation 
with Hindi digested pBluescript would be used for the expression of ivi-3. 

Promoter regions can be selected from any desired gene using CAT 
(chloramphenicol transferase) vectors or other vectors with selectable markers. Two 
appropriate vectors are P KK232-8 and P CM7. Particular named bacterial promoters 
include lad, lacZ, T3. T7. gpt, lambda P., P L and trp. Eukaryotic promoters mclude 
CMV immediate early, HSV thymidine kinase, early and late SV40, LTRs from 
retrovirus, and mouse metallothionein-I. Selection of the appropriate vector and 
promoter is well within the level of ordinary skill in the art. 

In a further embodiment, the present invention relates to host cells containing the 
above-described constructs. The host cell can be a higher eukaryotic cell, such as a 
mammalian cell, or a lower eukaryotic cell, such as a yeast cell, or the host cell can be 
a prokaryotic cell, such as a bacterial cell. Introduction of the construct into the host cell 
can be effected by calcium phosphate transfection, DEAE-Dextran mediated transection, 
or electroporation (Davis, L., Dibner, M., Battey, I., Basic Methods in Molecular 
Biology, (1986)). 

The constructs in host cells can be used in a conventional manner to produce the 
gene product encoded by the recombinant sequence. Alternatively, the polypeptides of 
the invention can be synthetically produced by conventional peptide synthesizers. 
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Mature proteins can be expressed in yeast, bacteria, or other cells under the 
control of appropriate promoters. Cell-free translation systems can also be employed 
to produce such proteins using RNAs derived from the DNA constructs of the present 
invention. Appropriate cloning and expression vectors for use with prokaryotic and 
eukaryotic hosts are described by Sambrook et aL, Molecular Cloning: A Laboratory 
Manual, Second Edition, Cold Spring Harbor, N.Y., (1989), the disclosure of which is 
hereby incorporated by reference. 

Transcription of the DNA encoding the enzymes of the present invention by 
higher eukaryotes is increased by inserting an enhancer sequence into the vector. 
Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp that act on 
a promoter to increase its transcription. Examples include the SV40 enhancer on the late 
side of the replication origin bp 100 to 270, a cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replication origin, and adenovirus 
n enhancers. 

Generally, recombinant expression vectors will include origins of replication and 
selectable markers permitting transformation of the host cell, e.g., the ampicillin 
resistance gene of E. coli and S. cerevisiae TRP1 gene, and a promoter derived from 
a highly-expressed gene to direct transcription of a downstream structural sequence. 
Such promoters can be derived from operons encoding glycolytic enzymes such as 3- 
phosphoglycerate kinase (PGK), a-factor, acid phosphatase, or heat shock proteins, 
among others. The heterologous structural sequence is assembled in appropriate phase 
with translation initiation and termination sequences, and preferably, a leader sequence 
capable of directing secretion of translated enzyme. Optionally, the heterologous 
sequence can encode a fusion enzyme including an N-terminal identification peptide 
imparting desired characteristics, e.g., stabilization or simplified purification of 
expressed recombinant product. 
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Useful expression vectors for bacterial use are construct by inserting a 
statural DNA sequencx encoding a desired protein together with suitable translate 
initiation and termination signals in operable reading phase with a funetional promoter 
The veotor wi.l comprise one or more phenotypic se.ectab.e markers and an ortgtn of 
rep ,ication to ensure maintenance of the vector and to, if desirable, prov.de 
amplification within the host. Suitable prokaryotic ho* for transformation include E. 
coli Bacillus suMlis, Salmonella QpHimunum and various species within the genera 
Pseudomonas.Streptomyces.and Staphylococcus, although othersmayalsobeemployeo 

as a matter of choice. 

As a representative but nonlimiling example, useful expression vectors for 
bacteria, use can comprise a selectable marker and bacteria, origin of replication denved 
from commercially available p,asmids comprising genetic elements of Che we., known 
cloning vector pBR322 (ATCC 37017). Such commercial vectors include, for example, 
PKK223-3 (Pharmacia Fine Chemicals, Uppsala. Sweoen) and pGEMl (PromegaBiotec, 
' Madison, WI, USA). These pBR322 "backbone- sections are combmed wtth an 
appropriate promoter and the structural sequence to be expressed. 

Following transformation of a suitable host strain and growth of the host strain 
m an appropriate cel. density, the selected promoter is inducer, by appropriate means 
(«.«., temperature shift or chemical induction) and cells are cultureo for an add.ttonal 
period. 

Cells are typically harvested by centrifugation. disrupted by physical or chemical 
means, and the resulting crude extract retained for further purification. 

Microbial cells employed in expression of proteins can be disrupted by any 
convenient method, including freeze-thaw cycling, sonication, mechanical disrupt™, 
or use of cell lysing agents, such methods are well known to those skilled m the art. 
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For preparation of monoclonal antibodies, any technique which provides 
antibodies produced by continuous cell line cultures can be used. Examples include the 
hybridoma technique (Kohler and Milstein, Nature, 256:495-497, 1975), the trioma 
technique, the human B-cell hybridoma technique (Kozbor et al. , Immunology Today 
4:12, 1983), and the EBV-hybridoma technique to produce human monoclonal 
antibodies (Cole et al, in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, 
Inc., pp. 77-96, 1985). 

Techniques described for the production of single chain antibodies (U.S. Patent 
4,946,778) can be adapted to produce single chain antibodies to immunogenic enzyme 
products of this invention. Also, transgenic mice may be used to express humanized 
antibodies to immunogenic polypeptide products of this invention. 

Antibodies generated against a transcriptional promoter of the present invention 
n may be used in screening for similar transcriptional promoters from other organisms and 
samples. Such screening techniques are known in the art, for example, one such 
screening assay is described in Sambrook and Maniatis, Molecular Cloning: A 
Laboratory Manual (2d Ed.), vol. 2:Section 8.49, Cold Spring Harbor Laboratory, 
1989, which is hereby incorporated by reference in its entirety. 

The present invention will be further described with reference to the following 
examples; however, it is to be understood that the present invention is not limited to 
such examples. All parts or amounts, unless otherwise specified, are by weight. 

Example 1 

To help confirm the transcriptional activity of the z'v/-2 gene, the gene was 
inactivated. An internal fragment of the gene corresponding to amino acids 18 through 
86 was generated using PCR using the oligonucleotides GTCGAGTCGACT- 
GATGTTGCAAATGCACTT and GC AGGGTCG ACGTCATCGTCTATATGAGCA , 
(SEQ ID NOS:8 and 9, respectively). These oligonucleotides added Sail sites to the 

22 



BNSDOCID: <WO 9812205A1 IA> 



PCT7US»7/1«589 

WO9M2J05 

. ,,.™ni[M5 The PCR internal fragment and the plasmid 
ends for cloning tnto plasmtd pBRQKM-2. 1 he fuk » 
were digesteo with Safl and .igated together to form a new plasmtd. The resuUtng 
plasmi d which was incapahie of repiication in E. faecaUs. 

and in.gra.ion of the piasmid onto dte chromosome is b, reconthinarton a, * 
led M-2 interna, fragment, which disrupt and inactiva.es the gene Th 
e«form»nts of 3H2-2 den— vet, poor growth in tanamycm, despt* 

arrl dre Ktn-2 gene. When rhey are grown in the ahsence of the antiotofc the cells 
™o rapid,, excise and segregate the piasmid. mis data indicates that t«-2 - an 

essential gene for growth. 

F.vample 2 

,„ order to exprass the ivi-2 gene product, piasmid pEf.vi-2 is digested whh 
„ inc „ and Sau3M and dte .,8 hasepair fragment containing ^ ™e^ 
fmm and agarose gel. It is used in a ligation with plasmtd pBluescnpt KS (Srratagene). 
- pious, digest with Hind and BaraH,. «^ ~ 

ami to native promoter downstream of me lac promoter contatned on me vector. Th 
Coin Produl are transformed into XL-1 Blue (Stratagene) and transforms ara 
rI7onLBagarconra,n i ngO.,mg/m,amp i c i l.in.Colonie S are S elec^a^^ed 

Cse- of I insert. U<,id cultures are grown in LB oroth 0. ,mgM amp. 

• f n i A and IPTG is added to ImM to induce expression of the lac 
ZriCltreTvi-agene. Bxpresshm of the , ,2. gene product is 
monitored on an SDS-polyacrylamide gel. 

F.vam ple 3 

ln order to express the ORF1 (ivi-3) gene product, piasmid pEftvi-2 is digested 

from and agarose gel. is treated with T4 DNA polymerase to make me Hph. end 
Z t is .hen JL in a ligaoon with piasmid pBluescript KS <S.raragene>, whtch 
een praviousiy digest with Hindi. This places the lvi-2 gene and its nattve promos 
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downstream of the lac promoter contained on the vector. The ligation products are 
transformed into XL-1 Blue (Stratagene) and transformants are selected on LB agar 
containing 0. lmg/ml ampicillin. Colonies are selected and screened for presence of the 
insert. Liquid cultures are grown in LB broth 0. lmg/ml ampicillin to a density of 0.1 
A 60o and IPTG is added at ImM to induce expression of the lac promoter and expression 
of the ivi-2 gene. Expression of the 7.2kD gene product is monitored on an SDS- 
polyacrylamide gel. 

Example 4 

In order to express and purify the ivi-2 gene product, plasmid pEfivi-2 is used 
as the template for PCR using the oligonucleotides CATATGTTCGGTACACGCTTA 
and CATATGTCAATGAAAAGAGAG (SEQ ID NOS:10 and 11, respectively). The 
306 basepair PCR product containing the ivi-2 gene is digested with Ndel and isolated 
from and agarose gel. It is used in a ligation with plasmid pET-15b (Novagen), which 
,has been previously digested with Ndel. This places the ivi-2 coding sequences 
downstream of the lac and T7 promoters contained on the vector and adds sequences 
encoding a hexahistidine tag to the 5' end of the ivi-2 gene, creating a chimeric 
polypeptide product. The ligation products are transformed into BL21 (Novagen) and 
transformants are selected on LB agar containing 0. lmg/ml ampicillin. Colonies are 
selected and screened for presence of the insert. Liquid cultures are grown in LB broth 
0. lmg/ml ampicillin to a density of 0.1 A^ and IPTG is added at ImM to induce 
expression of the lac promoter and expression of the ivi-2 gene. Expression of the 
1 1.2kD gene product is monitored on an SDS-polyacrylamide gel. Cells are lysed and 
the lysate is passed through a histidine binding resin column (Novagen), which binds the 
chimeric protein. The protein is cluted with imidazole and the histidine tag is cleaved 
by addition of thrombim. This produces substantially purified ivi-2 polypeptide. 

Example 5 

In order to express and purify the ivi-3 gene product, plasmid pEfivi-2 is used 
as the template for PCR using the oligonucleotides CATATGGAGGATTGGCTATTG 
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and CATATGTTATTCAAAAAAAAG (SEQ ID NOS-.12 and 13, respectively). The 
,96 basepair PGR produe. containing me ivi-3 gene is digest with Hde, and isolafcd 
from and agarose ge.. .. is used in a Ugation with plasmid pET-15h (Novagen), whteh 
has been previous,, digest wid, Ndel. This places dre ivi-3 coding seouences 
downstream of the lac and T7 promoters contained on the vector and adds sequences 
encoding a hexahistidine ,ag to the 5' end of the ivi-3 gene, creating a ch,mer,c 
polypep ide product. The ligation products are transformed inro BL21 (Novagen, and 
Informants are se.eeted on LB agar confining OLmg/m, ampiciHin. Coio.es are 
seieeted and screened for presence of the insert. Liquid cultures a* grown m LB bro* 
0 lmg,m> ampici.lin ,o a density of 0.. A. and ,PTG is added a. ImM ,o ,n duee 
expression of the .ac promoter and expression of the ivi-3 gene. Express,™ of the 
Cgene product is monUored on an SDS-poiyacryiamide ge,. Ge„s » and 
m e JL is passed rhrough a histidine binding resin coiumn (Novagen,, wh,ch b.nds ft. 
chimeric protein. The protein is elu,ed wid, imidazole and the hisddine rag , deaved 
by addition of thrombin, This produces substantia!!, purify ivi-3 polypep.,de. 

J~- 

Numerous modifications and variations of me present invention are possible in 
, ig ht of the above teachings and, therefore, within me scope of me appended Cairns, the 
invention may be practiced otherwise than as particularly descnbed. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: DAVID T. BEATTIE 



(ii) TITLE OF INVENTION: IVI-2, IVI-3 and IVI-4 LOCI OF 

ENTEROCOCCUS FAECALIS, POLYNUCLEOTIDE , 
POLYPEPTIDES AND METHOD OF USE THEREFOR 

(iii) NUMBER OF SEQUENCES: 13 

(iv) CORRESPONDENCE ADDRESS: 



(A) ADDRESSEE: CARELLA, BYRNE, BAIN, GILFILLAN, 

CECCHI, STEWART & OLSTEIN 

(B) STREET: 6 BECKER FARM ROAD 

(C) CITY: ROS ELAND 

(D) STATE: NEW JERSEY 

(E) COUNTRY: USA 

(F) ZIP: 07068 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 INCH DISKETTE 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: MS-DOS 

(D) SOFTWARE: ASCII 



(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Unassigned 

(B) FILING DATE: Concurrently 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/025899 

(B) FILING DATE: 18 SEP 96 

(C) CLASSIFICATION: 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: MULL INS , J.G. 

(B) REGISTRATION NUMBER: 33,073 

(C) REFERENCE /DOCKET NUMBER: 732250-137 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 201-894-1700 

(B) TELEFAX: 201-994-1744 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 798 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 



(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GATCATCTGT TGC TAGTT CA ACAATAAGCT TTACGTTTGG CATGATTTCC AAAATGAAAT 60 

CAATCATCTT TTGTTTTTCT GGCATATTTT CACCTCCTAT CCAAATGTAA AGAGTCATAA 120 

CGAGT CATAG TTATTCAAAA AAAAGTGTCC AATCAAAACC CAAAATTGAT GCGATTCGCA 180 
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AAATTTCCGC TTTAACGGCA ACCTOTCTT SAGTCATTTT TTTATAATAC 360 

ATAGCCAATC TCTCATTTTA CGTCCTCCTT TATGTGTCGT ATATATTTAA 420 

TACGCATTTT GACACACGTC AACAATTAAT TACTCTTTTT GAGGTAACAT 480 

CTTCAAACTA CGCATATTGC GTAOTATTAT ATGTACATAA ^£^™ c ^ CTGATGT 540 

TATGTTCGGT ACACGCTTAA CAGAATTAAG TATGAACAAG GAAGAAGAAC 600 

TGCAAATG CA CITGGTGTAG CTAGAACGAC ™CTTCC ^GAACAA^ 660 

TCCAGATATA GATATCCAAA ATAAGATTGC ^^j^ AAACAATTAA CCGTCGCTGC 720 

ssssss sssss sssss s= «"» 

ATATTAAGAA ACGCGATC 

(2) INFORMATION FOR SEQ ID NO : 2 : 

Ml SEOUENCE CHARACTERISTICS 

U) 7a) LENGTH: 297 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

ATGTTCGGTA CACGCTTAAC £££££ SSS J£ 

G CAAATG CAC TTGGTGTAGC TAGAACGACT TACTLIU-Li aTGTAAGTCT AGATTATTTA 180 
CCAGATATAG ATATCCAAAA TAAGATTGCT ^ATTTCA JJg^Jg CGTCGCTGCT 240 

, SSo SSSSS SSaSg^a Trcrcrcrrr tcatxga 2*7 

(2) INFORMATION FOR SEQ ID NO: 3: 

(B) TYPE: POLYPEPTIDE 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: PROTEIN 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO :3: 

Met Phe Gly Thr Arg Lei Thr Glu Leu Arg Lys Gin Lys Lys Leu 

Thr Gin Thr Asp VJl Ala Asn Ala Leu Gly Val Ala Arg Thr Thr 

Tyr S er Ser Tyr Glu Gin Gly Arg Arg Thr Pro Asp He Asp lie 

Gin Asn Lys He Ala Asp Tyr Phe Asn Val Ser Leu Asp Tyr Leu 

50 33 
His Gly Arg Glu Ser Phe Glu Asp Thr Ser Leu Ser Lys Lys Gin 

6 5 

L eu Thr Val Ala Ala His He Asp Asp Asp Val Ser Asp Thr Glu 



80 

Met Asn Glu He Leu Ser Phe His 
95 
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(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 186 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE : DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



ATGAGAGATT GG CTAT TGAA ATTG CGTATA AAAAATAAAA TGACTCAAGA AGAGGTTGCC 60 

GTTAAAGCGG AAATTTCAAG AACCACATAT GCATCTATTG AACAGGGAAG AAGAAGACCG 120 

TCTGTGGAAA GTGCTATGCG AATCGCATCA ATTTTGGGTT TTGATTGGAC A CTTTTTTTT 180 

GAATAA 186 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 61 AMINO ACIDS 

(B) TYPE: POLYPEPTIDE 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: PROTEIN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met Arg Asp Trp Leu Leu Lys Leu 
5 

Gin Glu Glu Val Ala Val Lys Ala 
20 

Ala Ser lie Glu Gin Gly Arg Arg 
35 

Met Arg He Ala Ser He Leu Gly 
50 

Glu 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

( C ) STRANDEDNES S : S INGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

ATGCCAGAAA AACAAAAGAT GATTGATTTC ATTTTGGAAA TCATGCCAAA CGTAAAG CTT 60 
ATTGTTGAAC TAGCAACAGA TGATC fl5 



Arg He Lys Asn Lys Met Thr 
10 15 

Glu He Ser Arg Thr Thr Tyr 
25 30 

Arg Pro Ser Val Glu Ser Ala 
40 45 

Phe Asp Trp Thr Leu Phe Phe 
55 60 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 28 AMINO ACIDS 

(B) TYPE: POLYPEPTIDE 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: PROTEIN 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Pre Glu Lys Gin Lys Met He Asp Phe He Leu Glu He Met 
5 

Pro Asn Val Lys Leu He Val Glu Leu Ala Thr Asp Asp 

(2) INFORMATION FOR SEQ ID NO: 8 

/ i \ SEQUENCE CHARACTERISTICS 

( } (A) LENGTH : 29 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRAND EDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
GTCGAGTCGAC TGATGTTGCA AATGCACTT 
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(2) INFORMATION FOR SEQ ID NO: 9: 

tl\ SEOUENCE CHARACTERISTICS 

U) (A) LENGTH: 30 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

( C ) STRANDEDNES S : S INGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GCAGGGTCGA CGTCATCGTC TATATGAGCA 

(2) INFORMATION FOR SEQ ID NO: 10 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 21 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10: 

21 

CATATGTTCG GTACACGCTT A 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(1) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 20 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

ATATGTCAAT GAAAAGAGAG 20 

(2) INFORMATION FOR SEQ ID NO: 12 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 21 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

CATATGGAGG ATTGGCTATT G 21 
' (2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 21 NUCLEOTIDES 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CATATGTTAT TCAAAAAAAA G 21 
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ym&T Tfi CLAIMED IS;. 

! An isolated polynucleotide comprising a 

polynucleotide having at least a 95% identity to a member 

selected from the group consisting of: 

(a) a polynucleotide encoding a 
polypeptide comprising amino acid 2 to 98 of SEQ ID NO. 2; 

( b) a polynucleotide encoding a 
polypeptide comprising amino acid 2 to 61 of SEQ ID NO. 3; 

( C ) a polynucleotide encodxng a 

polypeptide coding amino acid 2 to 28 of 

(d) the complement of (a) , (b) or (O . 

2. The isolated polynucleotide of claim 1 

wherein said member is (a) . 

3 . The isolated polynucleotide of claim 1 

wherein said member is (b) . 

4 . The isolated polynucleotide of claim l 

wherein said member is (c) . 

5 The isolated polynucleotide of claim 1 
wherein said member is (a) and said polypeptide comprises 
amino acids 1 to 98 of SEQ ID NO: 2. 

6 The isolated polynucleotide of claim i 
wherein said member is (b) and said polypeptide comprises 
amino acids 1 to 61 of SEQ ID NO: 3. 

7 The isolated polynucleotide of claim i 
wherein said member is (c) and said polypeptide comprises 
amino acids 1 to 28 of SEQ ID N0:4. 

8. The isolated polynucleotide of claim l, 

wherein the polynucleotide is DNA. 

9. The isolated polynucleotide of claim 1, 

wherein said polynucleotide is RNA. 

10 A method of making a recombinant vector 
comprising inserting the isolated polynucleotide of claim l 
into a vector, wherein said polynucleotide is DNA. 

11 A recombinant vector comprising the 
polynucleotide of claim 1, wherein said polynucleotide is 

DNA. 
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12. A recombinant host cell comprising the 
polynucleotide of claim 1, wherein said polynucleotide is 
DNA . 

13 . A method for producing a polypeptide 
comprising expressing from the recombinant cell of claim 12 
the polypeptide encoded by said polynucleotide. 

14. The isolated polynucleotide of claim 1, 
comprising a polynucleotide sequence which is at least 95% 
identical to nucleotides 1 to 798 of SEQ ID NO. 1. 

15 . The isolated polynucleotide of claim 1 
comprising the polynucleotide of SEQ ID NO. 1. 

16. An isolated polynucleotide comprising a 
polynucleotide having at least a 95% identity to a member 
selected from the group consisting of: 

(a) a polynucleotide encoding the same 
mature polypeptide encoded by the human cDNA in ATCC 

> Deposit No. 98167, and 

(b) the complement of (a) . 

17. The isolated polynucleotide of claim 15, 
wherein the member is (a) . 

18. The isolated polynucleotide of claim 15, 
wherein the member is (b) . 

19. The isolated polynucleotide of claim 15 
comprising a polynucleotide which encodes for the same 
mature polypeptide encoded by the human cDNA in 

ATCC Deposit No. 98167. 
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SO 

i # 

G ATC ATC TCT TCC TAG TTC AAC AAT AAC CTT T*C CTT TCC CAT C^T TTC CAA AAT CAA 
C TAC TAG ACA ACQ ATC AAG TTC TTA TTC GAA ATC CAA ACC GTA OTA AA£ CTT Cm 
«r--D d T A L B V i L X V EL IF 

100 

* * * 

AtC AAT CAt CTT TTC TVT TTC TGG CAT ATTTTCACCTCCTATteAAATSTY^AA^CT^ATAACGAGTCATA 
■j^q m G5A G*A AAC AAA AAG AOC GTA TAAAAGT^2SfiSH^TA^TTTACAT^C^><JTATTGCTCAGTAT 

150 

G= *TA TTC AAA AAft AAG TCT CCA ATC AAA. ACC CAA AAT TO A TGC GAT TCG CAT &GC ACT 

C AAt AM TTT ITT TTC ACA cot tag tot TOO err TTA -ACT ACQ C*TA AOC CTA TCG TCA 

OTio epFLTMD3P©LI 5 A I A H A S 

TTC CAC AGA COO TCT TCT TC7 TCC CTO TTC AftT AGA TGC ATA TCT» CGT TCT TCA AAT TTH 
RAG OTO TCT CCC AW* AOfi AOA AW «AC AAfl TTA TCT ACQ TAT ACA CCA ACA ACT TTA A AG 
E V t PR R R G Q £ ' I S A y T T J? £ 2 E 

CCC TTT AAC COG AAC CTC TTC TTC AST CAT TTT ATT TTT TAT ACQ CAA TTT CAA TAG CCA 
OOG AAA THS CO© TTC CAS AAC AAC TCA GTA AAA TAA AAA ATA TGC OTT AAA CTT ATC tiQT 
AKVAVXEftThRNKlRLKLl^W 

350 

H » 

ATC TCT CAT " TTTACOTC CTCC TFT ATE TOT 1 CGTATTG CGTACTTTTA TAATAC T A CPC ATTTTG A C AC AOG TCAAC 
TAG AGA Gl% aTCca ggajc^A JtATAcAc^caTAA^ 
D PL -QJtPl Lbb- - 1 0 ^ & 

AATrMTTACTCTITTTCAC^^ 

TTAATTAATC^AAAAACTCTOTMWATATAAAW 
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ATCOT^a^AACATT ATG TTC OTT ACA COC TTA ACA GAA TTA J*X> AAA CAA AAA AAA TTA 
TAGCATCCTCCATTGTAA Ttot A AG CCA TOT OCC AAT *GT CTT AAT TCC TTT OTT TTT TTT AAT - 
* ivJ-2-> ttFGTRLTBLKKGXXL 

f * 
ACA CAA ACT GAT STT C^A AAT OCA CTT OCT CTA GCT AG A ACO ACT TAC TCT TCC TlAT GAA 
TOT ATT TQA CTA CAA CGT TOA C^* CAA CCA CAT CCA TCT TCC TGJJ. A^VJ ACA AGW *TA C*TT 
TQTOVAI*AI/CVAATTVff£yE 
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CAA GGA AOA AGA ACT CCA CAT ATA GAT A^Y CAA 
GTT CCV TOT TM 1 T&A QcrT CTA TAT CTA PAG GTT 
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Ad? CTA CAT TAT TTA CAT- CGG 

TT* OiT nYfc ATA A AT ftTA Cf?C 
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TTA ACC CTC DCT OCT CAT ATA GAC GAT GAC GTT TCA GA7 AC A CAA ATC AAT ^TC 
AAT TO CAS CGA CCA QTh TAT CTC CTA CM CAA ACT CT* TO CTT TAC TTA CTC TAA GSW 
L.TVAAJ5I & DX>V&CTzwrjC7 L 



WT TTT CAT TOft TlftTATTAMAAACCCGA<EC 
AGA AAA CTA ACT AATATAATTCTTTOCGCTAG 
S P id EHD 



AAT AAG ATT 
TTA T*7XI TAA 
N K I 



<JCf GAC TAT 
CCA CTG ATA 
A D ¥ 



7TC *AT CT* 
A ^ TW CAT 



7C0 

AGA GAA ACT T3T GAA GAT ACT TCO TTA TCA AAA AAA CAJ 
TCT CTT TCA AAA CTT CTA TGA A£3 AAT ACT TTT TTJ* GTT 
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